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Abstract

How to design a clinical trial, to analyze the data, and to evaluate the benefit of
drugs becomes an important course for pharmaceutical development. The price of
successfully developing new drugs has risen steeply, and more than half of the time
and expense in the development process are spent in clinical trials. Hence, one
challenge in the development of new drug is reducing expenses and time, moreover
demonstrating the benefits of a new drug. It is recognized that, in spite of increasing
spending of biomedical research does not reflect an increase of the success rate of
pharmaceutical development. The success rate of researching and developing new
drugs is disappointing even though there are many potential candidates and lengthy
process of clinical development. Therefore, there is a reason to find ways in which
drug development could be expedited and made more efficient. In this thesis, two
adaptive seamless phase 11/111 designs are developed: one permits early stopping only
for futility (Design 1), and the other allows early stopping for either efficacy or futility
(Design 11). The resulting designs are in practice two-stage designs. At the stage one
(the phase 1 stage), several doses of an experiment are compared with a control group
so that we can evaluate the efficacy of doses of the experiment over the control group.
After stage one (phase Il stage), an interim analysis is performed and a decision is
made on whether to proceed to stage two (phase Il stage). Numerical examples are

also given to illustrate our designs.
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1. Introduction

The development of pharmaceutical products is becoming risky, increasingly
challenging, inefficient, time-consuming endeavor and costly. Based on the reports
from Economist (2002), a new drug from screening of candidates to regulatory
approval for commercial marketing will take more than 12 years on the average
between $800 million and $1 billion in US. 70% of the cost of pharmaceutical
development has been wasted on drugs that do not even make it to market. Despite of
an increasing understanding of disease etiology and advance in medical technology;,
the success rate of drug development, there is only 1 out of 10,000 candidates
screened in the laboratory that will survive to market launch, and more than 60%
of the potential candidates that-enter clinical trials fail. Furthermore, the success

rate of the phase 11 stage of the clinical development has fallen by 30% [1].

One of the many probable reasons is that the method used in the past decades is
no longer working for the new century. In -March-2004, the US Food and Drug
Administration (FDA) announced a  white paper designated
“Stagnation/Innovation: Challenge and.Opportunity on the Critical Path to New
Medical Products” (Anonymous, 2004) [2]. The document recognized that
nowadays revolution in biomedical science has raised new hope for the cure of
many diseases. Nevertheless, it points out that the number of new drug and
biologic applications submitted to the FDA has quite declined in the last decade
and discusses several potential causes for this decline. Currently, only 10% of
investigational new drug (IND) applications to the FDA result in clinically
approved agents, and in oncology it is only 5%. The white paper concludes that if
the drug development processes do not become more efficient and effective,

innovation may continue to stagnate and the biomedical revolution may hard to
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achieve its full potential. Consequently, there is an urgent need to develop new
concept and methodology to increase the success rate and reduce the cost of money

and time in order to take a great benefit to patients and pharmaceutical factories.

For this reason, much idea has been given to find ways in which drug
development could be expedited and made more efficient without compromising the
integrity and validity of the development process. In recent years, the use of adaptive
design methods in clinical trials based on accrued data has become popular due to its
flexibility and efficiency. One of the adaptive designs is an adaptive seamless phase
[1/111 design which has been considered as one possible way to shorten the drug
development time and thus reduce patient exposure needed to discover, develop, and
demonstrate the benefits of a-new-drug [3]. An adaptive seamless design combines
into a single trial objectives traditionally addressed in separate trials. And it merges
several trials that would implement separately into a single trial. In drug development,
clinical trials are divided into three phases. Phases-I Is the stage where the drug is
first tested in human beings and the objective is to determine the safety of the new
drug. The typical phase Il stage (the learning stage) is to discover whether the
drugs have any significant biologic effect, and would compare several treatments
with a control. After the completion of phase Il stage, it is then decided whether to
continue the drug development and which treatments to mover forward to the
phase Ill. The goal of the phase Il stage (the confirming stage) is to verify the
efficacy of the treatment selected from the last stage, and it is evaluated as
stand-alone confirmatory trials, ignoring information from previous phases. In an
adaptive seamless phase II/111 design, we combine the phase Il stage which includes
several treatments and concurrent control group and the phase Il stage into a single

trial, and perform the final analysis based on the data derived from both two stages.
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Some of the patients in the learning stage would be monitored continuously until the
final analysis, so such a design can help us to get more information of long-term

safety effects, and shorten the duration of the trials.

Since we combine phase Il into phase Ill, the adaptive seamless phase II/11l
design is definitely a two-stage design. A two-stage designs permits early stopping
when no new regimens show a minimum pre-indicated advantage or some new
regimens show an overwhelming benefit over the standard regimen, and can minimize
the number of patients expected to be accrued to the new regimens which do not offer
benefit over the standard regimen, subject to the constraints of alpha-error and power.
Simon (1989) has proposed an-optimal two-stage design which includes one new
regimen and one standard therapy for binary endpoints. It minimizes the expected
sample size subject to constraints of the type | and Il errors if the new regimen has
low activity. Tsou. et al. (2008) presented a two-stage design for drug screening trials
based on continuous endpoints. The proposed two-stage screening design minimize
the expected sample size if the new candidate has low efficacy activity subject to the

constraint upon the type | and type Il error rates.

Similarly, Liu and Pledger (2005) has also proposed a two-stage adaptive design
combining phase Il and 111 trials. In the first stage, short-term safety and efficacy are
examined, and the trial continues to the next stage with the doses that do not lack
efficacy or cause safety concerns. Patients from both the first and second stages are
evaluated by a long-term clinical endpoint. At the final analysis, pairwise statistics for
two stages are combined to establish dose-response and to identify the lowest
effective dose. On the other hand, Maca et al. (2006) have introduced the general

concept of adaptive designs, described the current statistical methodologies that relate
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to adaptive seamless designs and also discussed the decision process involved with

seamless designs.

In this thesis, two adaptive seamless phase 11/111 designs will be developed: one
permits early stopping only for futility (Design 1), and the other allows early stopping
for either efficacy or futility (Design Il1). In Section 2. we will present the adaptive
seamless phase /111 design which permits early stopping only for futility. The
adaptive seamless phase 1l/111 design allowing early stopping for either efficacy or
futility will be described in Section 3. The numerical result of sample sizes, critical
values and simulation study are shown in Section 4. Discussion and final remarks are

made in Section 5.



2. The adaptive seamless phase I1/111 design permits early stopping
only for futility (Design 1)

For convention, we consider two-stage designs for a phase 11/111 adaptive trial for

testing an experimental drug with several doses against a control group based on

binary response endpoints. At the phase Il stage, let K be the number of doses for

the experimental drug. Suppose each of the K doses and the control group needs to

accrue n, patients. Let X, denote the number of responders among the n,
patients for i™ doses group at the phase Il stage, i=1--, K, and Y, denote the
number of responders among the n, patients for the control group. Let p, is the

response rate for the control group. For simplicity, we assume that each of doses have

the same response rate p,;-where p,=p,+A, A>0. Then X, and Y, are

distributed as a hinomial distribution. So-we can' assume that X, B(n,p,),

Y, B(n, p,) are independent random variables, where B(n, p) represents a

binomial distribution with n trials and a probability of success p. We desired to test
the following hypothesis:
Ho:pi= Pp<0Vi =1..Kvs. H:p —p;>0 forsomei (1)

Large values of X, —Y, indicate more responses among the i™ doses group than
the control group, which supports the hypothesis that the i doses group is more
efficacious than the control group. That is, large values of X,, Y, support H,.So
that we can compare the i doses group with the control group by Xy Y.

Our procedure proceeds as follows (cf. Figure 1). The phase Il stage needs to
recruit n, patients for each group. When the study is completed at the phase 1l stage
and if some of the observed values of X, -Y, are smaller than a integer
a, €[-n;,n;], then it says that the i™ dose group has futility, and the i dose group will

not be selected to phase 11l stage. Moreover, if all of observed values of X, -Y, are



less than a,, it indicates that none of the doses of the experimental drug demonstrate
a promising result and thus the trial will cease early for futility. Otherwise, the accrual
of another n, patients will continue to the phase Il stage for the control group and
dose groups for which X, -Y, >a,.

Let X,, denote the number of responders among the n, patients for i™ doses
group continued to the phase Il stage, and Y, denote the number of responders

among the n, patients for the control group. Again, X,and Y, are distributed as a
binomial distribution. So we can assume that X, (1 B(n,,p;), Y, B(n, p,) are

independent random variables. After the recruitment of the patients at phase 111 stage
is completed, we then perform the final analysis with the cumulative data n, +n,
patients for each group from both stages. Let X, = X, + X,; and. Y =Y, +Y,. Atthe
final stage, we can declare that the i dose group is confirmed to'be superior to the
control group ifeX; =Y = b,, where b, e[a, —n,,n, +n,].

Since every dose group for the experiment drug will be compared to the control
group, we use the Bonferroni method for adjusting the overall type | error. Let o be
the pairwise type | error for each comparison. As a result, Kea is the overall type |
error. Also let S be the pairwise type Il error. In our design, the probability of

“accepting” the i™ dose group can be expressed as

@(Pis P, Nuu N, 8, b,)
=P(X;-Y,2a,X;-Y 2hb,)

= P(Xli _Y1 2 a, Xli _Y1+ X2i _Yz 2 bz)

= P(X; =Y, =X)xP(X, =Y, 2b, = x|X;; -Y, =X)

X=a,

_ i st(X; p;, P, Ny) x{L—ST (b, —x—1; p,, Py, N,)} (2)

X=8



where

st(x; py, po.n) =[(1-p) (1~ po)]n(l_popoy jm(;o))(:j[k n j(l pip. Nl popoJk’

and

T (X; Py, Py, ) Zst ' Pis Po:N)

for —n<x<n.Itcanbeseenthat st(x;p, p, n) isthe density function for S—T

where S and T are B(n,p;) and B(n, p,). Consequently ST(x; pi,po,n) is the

cumulative distribution function for'S—T .
Consequently, under the null hypothesis, the pairwise type | error rate o and
the pairwise power can be expressed as
a=¢(Py P .1y 1 2y | ©)
and
1-p=¢G; R 2 A &l (4)
respectively.
By previous assumption, the expected total sample size, EN, under the null

hypothesis that p, — p, =0 for all K comparisons can be calculated as follows:

EN =(K+1)n17zo+g[(j+1)n #(K+1)n |,

:(KJrl)nlJri(jH)nzzzj (5)

=1

where 7, is the probability of stopping accrual at the phase Il stage (PET) and 7,

(j=12,---,K) is the probability that the accruals for j of the dose groups and the

K
control group are continued to the phase Il stage. Note that 7z0+27rj =1. More
j=1



specifically, 7, and 7z, can be written as follows:

K
Ty =H[P(X1i Y, < a1_1| P = P)]
i-1

:[ST (a'l -1 Pos po’nl)]K (6)

and

7 =(?JP(X11—Y1 >a[p, = p)' P(X; - Y, <ay[p, = p)*’
K . y
=(jj[1— ST (a,—1; Py, Py N)1'[ST (8, —L Py, Po, M) . )
For specified values of the treatment effect A=p,—p,, po, , f and, we can
determine ny, ny, a; and by subject to n;<n;, a,€[-n,n], b, e[a, —n,,n +n,], and
two constraints of type I and Il error rates in (3) and (4), and to minimize the expected

total sample size (5) when p,=p,=0. We use exhaustive searches to find values of

N1, Ny, a; and b, by a C++ program for the phase /111 designs.



3. The adaptive seamless phase I1/111 design allows early stopping for
either efficacy or futility (Design 1)
Once again, we consider two-stage designs for a phase 11/111 adaptive trial for testing
an experimental drug with several doses against a control group based on binary
response endpoints. In Design 11, we will also consider early stopping for efficacy in
addition to consider early stopping for futility. We will use all the assumption and
notation used in Section 2.

Figure 2 displays the procedure of Design Il. After the phase Il stage, if all of
observed values of X, -Y, are less than a integer. a, e[-n,,n,] a minimal clinical
requirement pre-specified by investigators, it indicates that none of the doses of the
experimental drug displays a promising result and thus the trial will cease early for
futility. If some of the observed values of X, —Y, are greater than b e[a, +1,n],
then it says that there exists at least one dose of the experimental drug to have
overwhelming advantage, and the trial will stop early for efficacy. Otherwise, the
accrual of another n, patients will continue to.the phase IlI stage for the control
group and dose groups for which a, < X, -Y, <b,.

At the phase 111 stage, we can declare that the i dose group is confirmed to be
superior to the control group if X, =Y = b, e[a +1,n +n,]. Just like the Design I,

the probability of “accepting” the i™ dose group can be expressed as



@(P;, Py, iy Ny, 3y, by, b,)
=P(X;-Y,2b +)+P(a, <X, -Y,<b, X, =Y >b,)

=P(X,-Y, b +1)+P(a, < X, -Y, <b, X, —Y,+ X,,—Y, >b,)

by
=P(X,;-Y,>b +1)+ Z P(X; =Y, =X)xP(X, =Y, 2b, = x|X; =Y, = )

X=3,

by
=[1-ST(b, =L p;, o, )]+ ZS'[(X; Pi» Por ) x{1—ST (b, —x =1 p;, Py, 1)} 8)

Consequently, under the null hypothesis, the pairwise type | error rate « and the
pairwise power can be expressed as

a=¢(Py, Py, NN, a 0 (9)
and

1-f=¢p0 R A B 2R (10)
respectively.

The expected total sample size EN under the null hypothesis that p, — p, =0

for all K comparisons can be calculated as follows:

EN=(K +1)nz, +§[(j+1)n2 +(K+1)n, |z,

=(K +1)n1+i(j+1)n27zj (11)

=

where 7, and z; isshown below,

T, :H[P(Xli =Y, < a1_1| Py = pi)]+1_H[P(X1i -Y, < b1|po =p)l

=[ ST (a,—1; Py, P, M )1 +1—[ST (by; Py, Py, Ny )1 (12)

and

10



7| =(I§jP(a1S Xy =Y, <by[py = p) L= P(a, < X, =Y, <b; py = p)]”
K _
:( j j[l— ST (by; Pys Py, )+ ST (8, —1; Py, Py, )]’ x
[ST (by; Py, Pos )= ST (& =1 Py, Py, )1’ (13)
For specified values of the treatment effect A=p,—p,, pPo, @ f and, we can
determine ni, ny, ai, by and b, subject to ni<n,, a e[-n,n], b ela+1ln],
b, e[a,+1,n,+n,], and the two constraints of type | and Il error rates (9) and (10),
and to minimize the expected total sample size (11) when p, — p, =0. Again, we use

exhaustive searches to find values of ng, ny, a;, b;and b, by a C++ program for the

phase II/111 designs.
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4. Results

In this section, we give some examples for the purpose of illustration. Tables 1 —
6 illustrate the Designs | for several combinations of parameters with
K=1,K=2,K=3, A=0.15, and A=0.20. Also, Tables 7—12 illustrate the
Designs Il for the same combinations of parameters with K=1,K=2,K =3,
A=0.15, and A=0.20. Here we assume that the overall type | rate is 0.05 and
p=0.2for both designs. The tabulated results contain the critical value &, and
b, for the observed value X, -Y, that would permit early stopping at the phase Il
stage due to the treatment efficacy or futility, the critical value b, for the observed
value X,-Y that would not reject the treatment at the phase Il stage, the sample
size n, required at the phase H-stage per group , the sample size n, required at the
phase Ill stage per group, the-expected total sample size EN when there is no
difference of efficacy between the dose groups and the control group, the sample sizes
n, required per group for traditional phase Il designs which are evaluated by

2(za+zﬂ)26(1—6)
A?

’
n =

where _p:% and ZHZCD’l(l—H), n', required per group for traditional

phase 111 designs which are evaluated by

2
2(z@+zﬂJ p(1-p)
J

j i
n'., =

A2

where E:% Z,=®"(1-0), and j denote the number of the doses of the

experimental drug selected to the phase Ill stage and the probability of early

termination after the first stage (PET).
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For example, the first row in Table 3 displays the results corresponding to
(Ka,)=(0.050.2), p,—p,=0.20, K=2, and p,=0.05 for Designs I, we
enroll 10 patients for each group (that is, 30 patients in total) at the phase Il stage.
When the trial of the phase Il stage is completed, if the observed values of X, -Y,
are all less than 1, it says that no dose group is better than the control group, and
hence the study is terminated for futility. Otherwise, we need to enroll another 29

patients for the phase Il stage for both the control group and dose groups which

satisfy X, —Y, <1. At the final stage, the calculation of the observed value X, -Y
is based on the accumulated data of n, + n, patients from both the phase 11 and phase
Il stages. If the observed value X, -Y is less than or equal 4, we conclude that
there is no difference between the dose groups and the control group. On the contrary,
we say that the new drug is-more effective than the control group if the observed
value X, -Y ismore than 4. For this design, the expected total sample size is 59.03,

and the probability of early termination after the phase 11 stage iIs 0.5354.

Similarly, the “first row in Table 9 displays the results corresponding to
(Ka,8)=(0.050.2), p,<p,=0.20,. K=2,and p,=0.05 for Designs II, we
enroll 16 patients for each group (that is, 48 patients in total) at the phase Il stage.
When the trial of the phase Il stage is completed, if the observed values of X, -Y,
are all less than 2, it says that no dose group is better than the control group, and
hence the study is terminated for futility. The trial might be stopped as well if some
observed value X, -Y, is greater than 3, interpreted as an indication of
overwhelming efficacy of the dose of the new drug. Otherwise, we need to enroll
extra 33 patients for the phase Il stage for both the control group and dose groups
which 2< X, -Y, <3. At the final stage, the calculation of the observed value
X, =Y is based on the accumulated data of n, +n, patients from both the phase Il

13



and phase Ill stages. If the observed value X,-Y is less than or equal 4, we
conclude that there is no difference between the dose groups and the control group.
On the contrary, we say that the new drug is more effective than the control group if
the observed value X, —Y is more than 4. For this design, the expected total sample

size is 59.34, and the probability of early termination after the first stage is 0.8163.

Obviously, we can observe a phenomenon if the difference between the treatment
group and the control group decreases, both the sample size required for each stage
and EN increase. It is reasonable ‘since the larger the treatment effect, the smaller the
sample size required. Also, comparing the Design Twith the Design II, we can find
that the required patients for.each group at the phase 1l stage the Design Il needs more
patients than the Design I. It-makes intuitive sense since, in the Design I, it takes
more type | error rate and power for early stopping for efficacy. On the other hand, in
addition to consider early stopping for futility, the Design Il will also consider early
stooping for efficacy. Subsequently, the probability of early termination for Design 1l

is general larger than the Design 1.
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4. Conclusion and Discussion
In this thesis, we propose two adaptive seamless phase II/11l designs for

evaluation of drugs efficacy based on binary endpoints: one permits early stopping
only for futility (Design 1), and the other allows early stopping for either efficacy or
futility (Design I1). Under both design structures, a single trial with the selection and
confirmation phases is conducted using the same protocol with the same
inclusion/exclusion criteria, the same concurrent control, the same methods for
evaluation, and the same efficacy/safety endpoints. Doing so, yields that the data from
both the dose selection and confirmation of efficacy are generated within the same
study. Another striking feature is that our phase II/11l1 designs would in fact use the
data from patients enrolled from the selection stage and from the confirmation stage
in the final analysis. With this approach, reduction of the total sample size might be
possible. This in term may possibly shorten the total duration of drug development

and consequently can save considerably valuable resource and cost.

While early stopping at the phase |l stage does not occur, selection of dose level
for the confirmation stage will be critical. Of course, one can choose all the dose level
meeting with the pre-specified requirement for efficacy. However, the choice of dose
level should be determined not only on the efficacy but also on safety. In general, the
toxicity might also increase as the dose level-increases. In this case, the lowest dose
level which meets the efficacy requirement with the best safety profile can be selected

for the confirmation stage.

The possibility of shortening the time of development of a new drug is definitely
one stimulating feature about the use of an adaptive phase I1I/111 design. As indicated
earlier, such a design is not only flexible but also efficient as compared to separate
phase Il and phase 11l studies. However, in practice, not all clinical development may
be suitable for such a design. For determining the feasibility of the use of an adaptive
design in clinical development, Maca et al. [3] proposed a list of criteria. As the use of

15



an adaptive phase Il/111 design is to get effective drugs to patients sooner, whether
such a design would achieve a reduction in development time would be an important
factor for feasibility consideration. When the adaptive phase 1I/11l trial is the only
pivotal trial required for regulatory submission, the reduction in clinical development
time is clear. On the other hand, if the phase 11/111 trial is one of two required pivotal
trials, then the second pivotal trial should be completed within a reduced time frame
that shortens the overall development time. Maca et al. [3] suggestd the second
pivotal trial which is more traditionally designed could begin immediately after the
phase Il analysis so that it is possibly completed close to the time the adaptive phase
/111 study is completed. It should be noted that doing so may need more time for
planning, development, and -health authority review for such a design, and
consequently, this extra time-must be included into the assessment of the overall

development time.
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Listed Tables

Table 1. Designs | for p,—p,=0.20, K =1, (Ke,)=(0.050.2)

Py p; EN  PET n, n, a, b, n', n,
005 025 3127 07317 10 21 1 3 40 40
0.1 03 5127 06411 12 38 1 5 50 50
0.2 04 7784 07200 21 64 2 8 65 65
0.3 05 9506 06855 23 78 2 10 75 75
0.4 06 10255 06674 25 79 2 11 78 78
0.5 0.7  99.04 06641 25 73 2 1 75 75
0.6 08 8921 06614 27 52 2 10 65 65
0.7 09 7548 07026 19 63 2 9 50 50
Table 2. Designs Lfor p,—p, =0.15, K =1, (Ke,3)=(0.050.2)

Py p, EN . PET n n, a, b, n', n,
005 02 5763 06914 - 14 48 1 4 61 61
01 025 8324 0.7409 31 41 2 6 80 80
02 035 12958 0.6692 37 84 2 10 110 110
03 045 16543 07154 46 129 3 13 129 129
04 055 17547 06899 53 112 3 14 138 138
05 065 177.87 07319 64 93 4 14 135 135
06 075 16857 0.7046 45 133 3 14 121 121
0.7 085 139.72 0.6589 32 111 2 12 96 96
08 095 9898 0.7070 24 87 2 9 61 61
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Table 3. Designs | for p,—p,=0.20, K =2, (Ka,3)=(0.050.2)

BB EN PET NN, & by N n%
005 025 5903 05354 10 29 1 4 51 40 51
01 03 9542 03687 20 25 1 6 63 50 63
02 04 13610 06142 32 49 3 10 83 65 83
03 05 169.08 06557 38 76 4 13 95 75 95
04 06 18286 06117 42 = 69 4 14 99 78 99
05 07 18750 06278 87 97 4 15 ~ 95 75 95
06 08 16953 0.640L 36 _ 81 4 14 83 65 83
0.7 09 13899 06016 26 72 3 12 63 50 63
Table 4. Designs Lfor p,—p, =0.15, K=2, (Ka,)=(0.050.2)
Dy p, EN PET. A N, a, b, n', n', n%,
005 02 97.82 07242 24 45 2 5 77 61 77
01 025 15104 06946 38 58 3 8 101 80 101
02 035 23678 06343 56 89 4 13 140 110 140
03 045 29735 06432 67 128 5 17 164 129 164
0.4 055 32831 06103 70 143 5 19 174 138 174
05 065 33115 05933 74 126 5 19 1711 135 171
06 075 30762 06103 70 118 5 18 154 121 154
0.7 085 25729 06013 51 123 4 16 122 96 122
08 095 18044 06087 33 98 3 12 77 61 77
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Table 5. Designs | for p,—p,=0.20, K =3, (Ka,3)=(0.050.2)

b P EN PET N M, & b oy o, 0’ 0
005 025 9377 07284 16 51 2 5 57 40 51 57
01 03 12953 04651 23 31 2 7 71 50 63 71
02 04 20064 06210 35 74 4 12 93 65 83 93
03 05 24557 05310 38 90 4 15 106 75 95 106
0.4 06 26794 05580 49. 74 |5 © 16 111 78 99 111
05 07 26792 05689 45 93 5 17 . 106 75 95 106
06 08 24620 05060 37 89 4 16 = 93 65 83 93
0.7 09 20380 05728 32 81 = 4+ 14 .71 50 63 71
Table 6. Designs Lfor p, - p, =0.15, K =3, (Ke,3)=(0.050.2)

P, P EN PET I Yo It n', n, n’, n
005 02 14419 06280 23 65 2 6 86 61 77 86
01 025 22010 0553 42 53 3 9 114 80 101 114
02 035 34404 05012 57 104 4 15 157 110 140 157
03 045 43020 04997 72 127 5 19 184 129 164 184
0.4 055 47745 05457 77 169 6 22 196 138 174 196
05 065 48234 05212 82 145 6 22 192 135 171 192
06 075 44725 05489 76 144 6 21 172 121 154 172
07 085 37293 05339 62 121 5 18 137 96 122 137
0.8 095 26693 05737 42 106 4 14 86 61 77 86

20



Table 7. Designs Il for p, —p,

=0.20, K=1, (Ke,)=(0.050.2)

Py p, EN PET nn " a b b, n' n,
005 025 3067 07290 11 16 1 2 3 40 40
01 03 5234 08298 18 48 2 3 6 50 50
02 04 7600 07272 26 44 2 5 9 65 65
03 05 9461 07678 35 53 3 7 11 75 75
04 06 10424 07622 35 72 3 7 14 78 78
05 07 10377 08118 - 40634 8 . 13 75 75
06 08 97.03. 08353 36 76 4 7 . 14 65 65
0.7 09 8306 . 08667 33 “64 4 6. 13 50 50
Table 8. Designs Il for p,—p, =0.15, K =1, (Ka,)=(0.050.2)
Dy P, EN PET hele=ap=shag b, n' n,
005 02 61920 03706 19 19 2 61 61
01 025 8250 07704 = 3049 "a N 80 80
02 035 13530 07646 50 75 7 12 110 110
03 045 16642 08257 67 93 10 14 129 129
0.4 055 18532 08015 74 94 1 16 138 138
05 065 18852 07994 74 101 1 17 135 135
06 075 17475 08181 67 115 10 17 121 121
0.7 085 14834 08432 61 84 9 14 96 96
08 095 10569 08698 41 91 6 12 61 61
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Table 9. Designs Il for p,—p,=0.20, K =2, (Ka,3)=(0.050.2)

B B EN PET n ™ a b b 0} 0, 0
0.05 0.25 59.34 0.8163 16 30 2 3 4 51 40 51
0.1 0.3 91.07 0.6446 20 41 2 4 7 63 50 63
0.2 0.4 141.41 0.7523 35 70 4 7 12 83 65 83
0.3 0.5 174.37 0.7506 45 75 5 9 15 95 75 95
0.4 0.6 195.75 0.7051 50 73 5 10 17 99 78 99
0.5 0.7 200.75 0.7798 51 103 6 10 20 95 75 95
0.6 0.8 184.82 0.7870 50 78 6 10 17 83 65 83
0.7 0.9 153.64 . 0.7839 40 74 5 8 16 63 50 63

Table 10. Designs Il for p;= p, =0.15, K =2, (Ke,)=(0.050.2)

Po D, EN PET n, 2 a b b nyo n, nd

0.05 0.2 103.87 0.4312 24 25 1 3 5 77 61 77

0.1 0.25 159.78  0.8191 45 66 4 6 9 101 80 101

0.2 035 25065 0.7987 69 104 6 10 15 140 110 140

0.3 045 31411 0.7160 81 118 6 12 20 164 129 164

0.4 055 35045 0.7837 94 151 8 14 23 174 138 174

0.5 0.65 358.75 0.7787 94 165 8 14 25 171 135 171

0.6 0.75 337.76 0.7837 94 123 8 14 22 154 121 154

0.7 0.85 28779 0.7843 81 99 7 12 19 122 96 122

0.8 095 207.60 0.7815 54 99 5 8 17 77 61 77
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Table 11. Designs Il for p,—p, =0.20, K =3, (Ka,)=(0.05,0.2)

n, nz2 n32
Py P, EN PET N a, b b, ny n,
0.05 0.25 88.37 0.7386 16 44 2 3 5 57 40 51 57
0.1 0.3 132.00 0.7070 25 51 3 5 8 71 50 63 71
0.2 0.4 207.25 0.6117 40 55 4 8 13 93 65 83 93
0.3 0.5 261.34 0.6920 55 62 6 11 16 106 75 95 106
0.4 0.6 289.36 0.7273 60 84 7 12 19 111 78 99 111
0.5 0.7 295.19 0.7198 60 91 7 12 21 106 75 95 106
0.6 0.8 272.90. 0.7589 55 102 7 11 21 93 65 83 93
0.7 0.9 230.27 - 0.7646 45 99 6 9 20 71 50 63 71
Table 12. Designs Il for p,— p, =0.15, K =3, (Ka,5)=(0.050.2)
n, nz2 n32
b P EN. PET N ad-liel b, JALT N,
0.05 0.2 140.46  0.6418 25 51 2 3 7 86 61 77 86
0.1 0.25 230.61 0.7444 45 92 4 6 12 114 80 101 114
0.2 0.35 363.05 0.6880 74 99 6 11 17 157 110 140 157
0.3 0.45 46091 0.7213 94 141 8 10 17 184 129 164 184
0.4 0.55 518.88 0.7180 107 149 9 16 26 196 138 174 196
0.5 0.65 530.44 0.7109 107 163 7 10 28 192 135 171 192
0.6 0.75 497.32 0.7789 107 147 10 16 25 172 121 154 172
0.7 0.85 423.79 0.7491 87 140 8 13 24 137 96 122 137
0.8 095 305.98 0.8135 67 96 7 10 17 86 61 77 86
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Listed Figures

Stage one: compare k dose
groups with the control group

Xy =Yy Xy =Y,
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Figure 1. The adaptive seamless phase I1/111 design permits early stopping

only for futility (Design I).
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Stage one: compare k dose
groups with the control group

Xy =Yy Xy =Y,

Some of the observed values of

X, =Y, are greater than b,.
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Conclude Hg

less than a, .
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v
Select j-dose ( j<k)
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dose groups with the control

group X, =Y ..., X. =Y.
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greater than or equal
b, .

Figure 2. The adaptive seamless phase I1/111 design allows early stopping for either

efficacy or futility (Design I1).
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