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Abstract

properties of Method 1 with those of other methods.

Through Method 1, the Japanese government wants to acquire a sufficient number of Japanese subjects to determine whether the effect of
the test treatment is consistent between Japanese and non-Japanese. However, the Japanese government did not provide clear parameter-based
criteria regarding the consistency of the effect of the test treatment between Japanese and non-Japanese. Thus, the goal of the evaluation by
Method 1 remains unclear. Currently, it is impossible to interpret Method 1 within a traditional statistical framework. Thus, the purpose of this
paper is to propose a new perspective on Method 1 within a traditional statistical framework. To do this, the paper proceeds as follows. First, we
propose clear parameter-based criteria for the claim that the effects of the test treatment are consistent between Japanese and non-Japanese.

Second, we treat Method 1 as an exploratory hypothesis testing for the claim that the effects of the test treatment are consistent between
Japanese and non-Japanese. Third, we discuss the benefits of accepting Method 1 as a means of exploratory hypothesis testing. If the proposal in
this paper is accepted, it will become possible to study the pros and cons of Method 1, to suggest a better method, and to compare the statistical

Keywords: Bridging Study; Assurance Probability; Sample Size Calculation; Type I Error; Power

Introduction

A multiregional trial (MRCT) is a trial conducted
simultaneously in more than one region based on a common
protocol [1-3]. Recently, multiregional trials have become more
popular as part of the effort to speed up drug development to
allow faster access to drug products globally for patients. Given
that multiregional trials pose significant regulatory challenges, a
considerable number of studies have been conducted regarding

statistical issues pertaining to multiregional trials [4-17].

Although there are various ways to classify studies on
MRCT, one of them is from which perspective to handle MRCT:
a global perspective and a regional perspective. From the
global perspective, we study how to plan, conduct, and analyze
MRCTs overall such as how to write the protocol of the MRCT,
and how to allocate appropriate sample sizes to each region.
On the other hand, the regional point of view considers MRCTs
from the perspective of a regional regulatory agency. From the
regional perspective, we are more interested in extrapolating
the overall result to the target region by securing a sufficient
number of patients from the target region rather than planning
the overall MRCT [18-23]. Small regions or small countries are
more interested in the regional perspective than the global
perspective, because there are more cases for which it must
be considered whether they can apply the overall result to the

target region as opposed to planning and conducting the MRCT
overall. Therefore, this study utilizes a regional perspective with
the aim of helping small regions or countries such as Japan,
Korea, and Taiwan.

It is important to allocate a sufficient number of patients
to each region in a MRCT in order to assess the consistency of
the treatment effect across regions, and several studies have
investigated this issue [19-31]. In this paper, we will discuss
what has been termed Method 1, which was originally proposed
by the Japanese government. The motivation behind this study
as follows. First, Method 1 assigns a sample size to a target
region from a regional perspective. Second, although several
studies describe approaches that assign a sample size to each
region in a MRCT, these methods are only at the level of research
papers, whereas Method 1 is formulated as a guideline officially
issued by the Japanese government and is often used in practice.

However, there are not many studies of Method 1. Ko et al.
[27] derived an exact mathematical formula to determine the
assurance probability which can be used with Method 1. Quan et
al. [23] studied sample size allocation methods for continuous,
binary and time-to-eventvariables. However, these studies do not
examine Method 1 within the traditional statistical framework.
In fact, there is currently no way to assess Method 1 within
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the traditional statistical framework. Therefore, no research
has critically evaluated Method lor has sought to determine
whether there is room for further improvements. Therefore, the
purpose of this study is to propose a new perspective within the
framework of traditional statistics, which treats Method 1 as a
means of exploratory hypotheses testing. We also discuss the
benefits that can be gained by accepting this new perspective.

Notation

In this paper, we deal with only two-arm placebo-controlled
parallel Phase III clinical trials for the sake of simplicity. Let X

and Y denote the continuous primary endpoints for patients
receiving the test product and a placebo control, respectively.
It is assumed that large values represent better efficacy. We
assume that

X~N(,uT,0'2) Y~N<,up,0'2)

eq. 1

. . 2.
where, the population variance o is assumed to be known,

although o is actually unknown and must be estimated from
the data. The primary purpose of multiregional trials is to test
the overall treatment effect globally. Therefore, the primary
hypothesis is given by

H,:A<0 wversus H :A>0 (1

where, A = g — . The secondary purpose of multire-
gional trials is to assess the consistency of the treatment effect
across regions. The key argument of this paper is to consider
Method 1 as a means of exploratory hypothesis testing to assess
the consistency of the treatment effect across regions. The sec-
ondary hypotheses associated with the secondary purpose are

described in section 5. For a given significance level «, power
1- A and an expected treatment effect A = 0 the total sample
size for each group is given by
N 2Z_,+Z_4)0°
s
where, Z,_, is the |- percentile of the standard normal
distribution [32]. However, calculating the total sample size
is outside of the scope of this paper. The main focus here is

to determine the number of patients in the target region (for
example, Japan) when the total sample size is given. The number

of regions in multiregional trials is denoted by K and the

proportion of patients out of 2N in the ;# region is denoted by
p» i=12,...,K,, where 3¥ p =1. The number of patients
per group in the " region is represented by n, = p,N. In the

i" region let X, and ¥, be the primary continuous endpoints

for patients j and r receiving the test product and the placebo
control, respectively. For convenience, we assume that the first

region (i=1) is the target region (for example, Japan). Let D, be

078

the observed mean difference for the first region and D be the
observed mean difference for all regions. Hence,

K n

D=X -1, D=Y"3(X,~Y)/N
i=1 j=1
where, [ | &
Xl'_nTZXU’ 1.:}7 Yl/'

j=1 1 j=l

The test statistic for the primary hypotheses is as follows:

Z= ii(x,.j ~Y,))/(aN2/N).

i=1 j=1
Review of method 1

Multiregional trials make it possible to demonstrate the
efficacy of a drug in all regions, while regional regulatory
agencies can evaluate the possibility of extrapolating the overall
results to their own region. Accordingly, as noted in section 2,
it is important to understand that there are two main aims in
multiregional trials:

I. The primary aim is to show the overall treatment effect in
all regions.

II. The secondary aim is to assess the consistency of the
treatment effect across regions.

In Section 1, we stated that there are two perspectives with
regard to a MRCT: the global and the regional perspectives. To
achieve a secondary aim from a global perspective, the entire
sample should be appropriately allocated to each region, rather
than focusing only on specific regions. On the other hand, in
order to achieve a secondary aim from a regional perspective,
rather than allocating the entire sample to each region
appropriately, each regional regulatory agency is interested in
securing sufficient numbers of subjects in their own region. In
section 1 we noted that this paper utilizes a regional perspective
rather than a global perspective. According to the regional
perspective, the secondary aim is to assess the consistency of
the treatment effect between the target region and non-target
region. Method 1 proposed by the Japanese government is a
sample size allocation method for evaluating the secondary aim
from a regional point of view. Method 1 requires that the number
of Japanese patients should be determined such that we have a
sufficiently high probability that the ratio of the treatment effect
estimate for Japan to that for all regions exceeds a given number,
which is between zero and one (MHLW 2007). That is, the goal is

to determine n, or p, such that

P(D, > pD|Z >z_,)>0.8.
Here, we consider the probability of D, > pp given that the
overall result is significant (Z > Zl,,,), because, if Z < z,_,, itis
meaningless to evaluate D, > pD. Method 1 implies that the

Japanese government would like to include a sufficient number
of Japanese patients to check the assumption of a homogeneous
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treatment effect between the target region and non-target
region when the overall result is shown to be significant,
although such an assumption is made during the planning
stages of multiregional trials. In other words, although the
Japanese government accepts the assumption of a homogeneous
treatment effect between the target region and non-target region
before multiregional trials begin, they are not completely sure
if the assumption is valid. Therefore, the Japanese government
would like to check the assumption by including a sufficient
number of Japanese patients after the multiregional trials end.

If the Japanese government undoubtedly accepts the
assumption of a homogeneous treatment effect between the
target region and non-target region, there is no reason to recruit
Japanese patients. In an extreme case, even if multiregional
trials are conducted without any Japanese patients, the Japanese
government should apply the global result to the Japanese
population without any doubt, as they trust the homogeneous
assumption completely.

Method 1 as a means of exploratory hypotheses testing

In modern statistics, two statistical approaches have been
used to calculate sample sizes. In the first method, the sample
size is computed such that the width of a confidence interval is
equal to a given length [33]. The first method is widely used in
survey sampling, in which estimations of unknown parameters
are the most important tasks. In the second method, the sample
size is calculated such that the power of a hypothesis test under
an alternative hypothesis is equal to a given value, such as 80%.
The second method has been widely employed in clinical trials
in which testing primary hypotheses is the most important task.

Method 1 described in section 3 is a sample size calculation
method for Japanese patients in multiregional clinical trials.
How can we interpret Method 1? There are three possible
interpretations. The first interpretation is that Method 1 is a
method involving the use of confidence intervals. However, it is
obvious that Method 1 does not use confidence intervals, thus
the first interpretation appears to be inappropriate. The second
interpretation is that Method 1 is a means of hypothesis testing.
The third interpretation is to treat Method 1 as a new perspective
by developing a new statistical theory without the use of
confidence intervals or hypothesis testing. However, no attempt
has been made to develop this new statistical theory. Given
that the first interpretation and the third interpretation are not
possible in this way, if we want to explain Method 1 within the
framework of traditional statistical theory, we can only consider
Method 1 as a means of a hypothesis testing. In other words,
unless Method 1 is considered as a means of hypothesis testing,
itis impossible to understand Method 1 within the framework of
modern statistics.

Hence, in this paper, we assume that Method 1 is a sample
size calculation method such that the power of a hypothesis test
under an alternative hypothesis is equal to a given value, such
as 80%. If we accept this claim, in order to proceed with this
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argument, we require statistical hypotheses, the test statistics,
and a rejection region for Method 1. Therefore, it is necessary to
consider what these statistical hypotheses, the test statistic, and
rejection for Method 1 are because the statistical hypothesis for
Method 1 is not established in advance, there may be a variety
of ways to express the secondary aim that the effect of the test
treatment is consistent between the target region and non-target
region in statistical hypothesis testing. First, the claim that the
effect of the test treatment is consistent between the target
region and non-target region can be established as either the
null hypothesis or the alternative hypothesis [34]. In addition,
there may be various forms of concrete hypotheses depending on
each method. It is important to understand that the conclusions
differ completely depending on the hypothesis behind the claim
of consistency of the treatment effect. Moreover, because this
hypothesis is an exploratory analysis not previously described
in the protocol, it is my claim that Method 1 is viewed as only
a means of exploratory hypothesis testing and, not a means of
confirmatory hypothesis testing.

The Japanese government did not claim that Method 1
engaged in statistical hypothesis testing. In addition, the
Japanese government has not provided clear parameter-based
criteria for the consistency of the test treatment between the
target region and non-target region. Therefore, currently, when

using Method 1, even if the condition of D, > pD is met, we
cannot accurately describe our conclusion using parameters.
Moreover, we cannot assess the probability that our conclusions
are incorrect. Regarding this point, Chen et al. [35] stated the
following:

“The definition of a false positive rate for the PMDA methods
is less clear because there are no true parameter-based
consistency criteria; hence, it is unclear what is meant when one
states that a regional effect is consistent.”

“Statistical power for the PMDA method is less well defined
given that a real regional difference is unclear under PMDA
methods. Instead, a different probability measure, assurance
probability is considered.”

According to a personal conversation with a senior
statistician in PMDA, it was argued that Method 1 is not a means
of statistical hypothesis testing but is intended only for sample
size calculations. However, we must rethink why the Japanese
government devised Method 1 for recruiting a sufficient number
of Japanese patients. The reason for this is clearly that it is to
evaluate whether the treatment effect is consistent between the
target region (Japan) and non-target region. If the person who
initially proposed Method 1 is a statistician, he (or she) should
have given clear parameter-based criteria for asserting that the
treatment effect is consistent between the target region and non-
target region, but this person did not. Hence, Method 1 became
statistically ambiguous with regard to what it evaluates.

Therefore, in this paper, we present clear parameter-based
criteria for asserting that the treatment effect is consistent
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between the target region and non-target region. We also
suggest Method 1 as a means of exploratory hypothesis testing
that tests whether the criteria are satisfied. Only then we can
better understand the statistical properties of Method 1, and,
if there are any shortcomings of Method 1, we can study and
propose a better approach. At present, there is no way to study
whether Method 1 is suitable or unsuitable.

Another factor must be mentioned here. Even if the treatment
effect between the target region and non-target region is judged
to be consistent, it does not guarantee the approval of the test
treatment from the target regulatory agency, as the marketing
authorization for the test treatment involves a decision that
combines all results, such as the statistical significance, clinical
significance, and a benefit-risk analysis. What statisticians can
do during this process is to study a statistical methodology that
can help to assess the level of statistical significance.

Secondary hypotheses and corresponding test statistics

If you agree with the contents of section 4 and consider
Method 1 as a means of exploratory hypothesis testing, we
must think about how to establish the null hypothesis and the
alternative hypothesis. It should be appreciated that the method
of establishing a hypothesis can vary widely, as described in
Section 4. In order to establish the appropriate null hypothesis

and alternative hypothesis of Method 1, first, let A; be the effect
size of the test treatment in the target region as follows.

A== Hp

where, £ ; and 4, p are the effect sizes of the test treatment
and the placebo in the target region. Because Method 1 requires

a greater probability D, > pD, in this paper, we suggest that

Ay > pPA s treated as the parameter-based criteria of the
consistency of the treatment effect across regions, as D, and D
are estimators of A, and A

The proposed criteria of the consistency: 4; > PA

Moreover, given that the Japanese government appears
to want to prove that A, > pA through MRCT, it appears to be
natural to use the following secondary hypothesis.

H A =pA versus H_ A >pA (2)

It is also natural to establish D, >pD as the rejection region
from the form of the alternative hypothesis in (2). Although it
was mentioned in Section 4, we would like to reemphasize
that there are a variety of ways to establish a hypothesis.The
hypotheses in (2) represent only a single method. Tanaka et al.
[34] & Chen et al. [35] discussed various means of establishing
a hypothesis of the consistency of the treatment effect across
regions. Let us call the type I and type II error associated with

(11:10)

above secondary hypotheses as the regional type I and type
Il errors. The regional type I error is then, in fact, an error of
concluding that the efficacy of the test treatment in Japan is non-
inferior to the overall effect, although it is inferior. This regional
type I error is fatal to the Japanese government.

Regional type l error = (D, > pD|H ;A < pA)

The regional type Il error is, in fact, an error which concludes
that the efficacy of the test treatment in Japan is inferior to the
overall effect, despite the fact that it is non-inferior.

Regional type Il error = (D, < pD| H_, 1 A, > pA)

For the Japanese government, this regional type I error is
more serious than a regional type II error.

The benefits of considering method 1 as a means of
exploratory hypothesis testing and corresponding
test statistics

In section 4, we suggested that Method 1 should be
considered as a means of exploratory hypotheses testing, and in
section 5 we suggested specific hypotheses and test statistics. In
Section 6 we will examine the benefits to be gained from these
new proposals.

The calculation of the number of Japanese patients
based on the regional power

Method 1 seeks to determine the number of Japanese
patients which meet the following conditions:

(D,>pD|Z>z_,.H_ A /A>p)=038.

While this proposal seems intuitively sound, there is a lack
of a detailed account of the statistical basis on which the Method
1 was proposed. However, according to the method proposed in
this paper, Method 1 calculates the number of Japanese patients
such that the regional power associated with the secondary
hypothesis is greater than or equal to 80%.

In other words, if the proposal in this paper is accepted, a
theoretical explanation of Method 1 becomes possible. The
possibility of this theoretical explanation is very important, as

4l Lhin funmnncivaule civna mnwe mavir A der 2Lha wana A
WIBD, S pDIZ 572 H K TR p) =0, md cons of

€uivu 1, SUEECTOL a UTLLCL LITUIUY, dlu Lullpalc wuie statistical
properties with those of other methods. This provides a
theoretical basis for further developing Method 1 statistically.
Another factor to consider in connection with the regional
power is the assurance probability. The assurance probability

for the criterion of D, > pD is defined as follows:

P,(D,>pD|Z>z_,,H, ;A=)

(3)
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where,

G =\/p71,6‘4 =Jl=p.cs==z_4,
Y (p—l]\f;

» .
6= (z, .tz )
l_pp]_ : l_pp]_ - e

Cg

c.\C.—cC
a,=c, + 6( 5 7 3)
CeCy
In these equations, @ and g denote the overall significance

leveland the type Il error rate, respectively. It is important to note
that the assurance probability depends only on «,8,p,p,, and

that it does not depend on N,o or A g et al. (2010) proposed

a method for determining p,, the proportion of patients out of
the 2N patients in the target region, to ensure that the assurance
probabilities for the criteria D, > pD under the primary alterna-
tive hypothesis(#Z,:4 =) were maintained at a desired level, say
80%. However, Ko et al. [27] claim that to evaluate D, > ppunder
the primary alternative hypothesis
because the assurance probability does not depend ond under
the primary alternative hypothesis. In fact, Ko et al. [27] evaluate
the assurance probability under the assumption of a homoge-
neous treatment effect across the target region and non-target

is inappropriate, (#,:4=5)

region. Because the assumption of a homogeneous treatment
effect across the target region and non-target region is a type of
secondary alternative hypothesis, the assurance probability is a
form of regional power. Therefore, the assurance probabilities
studied thus far can be brought into and explained within the
framework of the regional power.

Calculating the regional type I error

As described in Section 6.1, if we use the regional power
to calculate the Japanese sample size, the regional type
II error is known. However, a more serious error for the
Japanese government is the regional type I error. Before the
proposal in this paper, it was impossible to assess how likely
the Japanese government was to commit this serious error,
but it is now possible if we accept the proposal in this paper.
Specifically, the regional type I error can be calculated by the
equation below, and the specific values are shown in Table
1. From Table 1, the regional type I error rate is 55% when

2, =02,(A,,A)=(0.3,0.6), p = 0.5, N = 500, = 0.025
and g —1_Theregional type I error rate increases as the value of

p, does.Ido not think it is necessary to give too much meaning
to these results (for example, 55% type I error rate), because
the secondary hypotheses are not pre-specified, and there are
various ways to construct the secondary hypotheses. What we
want to argue in this paper is to take the view that Method 1 is
considered as a means of exploratory hypothesis testing. If this
consideration is accepted, then further research on the most

appropriate form of secondary hypotheses can be performed in
the future.

Table 1: Regional type | error rate.

)2 (A,A)=(0.3,0.6) | (A,,A)=(0.5,1.0)
0.1 0.50 0.50
0.2 0.55 0.58
0.3 0.63 0.71
0.4 0.72 0.84
0.5 0.83 0.94
0.6 0.92 0.99
0.7 0.97 1.00

(p, =05, N=500, a=0.025 and o=1).
a,=P(D; > pD|Z >z, . H A < pA) (4)

T v oor R
} {a; Zu-S|-gl L. ;}»(u)du
Alld a4 L d dy)

) [ {l—g{—ﬁu +%\;} (1) du

o L od, 4)
where,
b (lipl) A A
ds = L =d L -k d-= Ld, =J1—
1-pp, 2 1 2 2 3 Pr.ody P
e o |—
N-n n
d =z, - 1 d1(ds_dzd3)

dd, +d,

e 2 (p1A1+(17p1)A1[), b =d,+
o
YN —n

where, A, is the effect size of the test treatmentfor the non-
target region. Appendix A shows the following relationship,

A=A +1=2)A,

where, A is the ratio of the total number of patients in
thetargetregion to the total number of patientsin all participating
regions.The mathematical derivation of the regional type I error
rate in (4) is provided in Appendix B. When A, =A, ,,
show that (3) and (4) are identical by checking the following:

we can

¢, =d, ¢,=d, ¢c;=d; c,=d, ¢, =d,

Theregionaltypelerrorratein (4) depends NV, &, 0, A A, py
and . However, it does not depend on S.

The determination of p

In Method 1, there is no known statistical method to
determine O thus far. However, if we adopt Method 1 as a means
of exploratory hypothesis testing, we can calculate 0 as shown
below. The idea is to treat 0O as a critical value. In general, the
critical value of a statistical hypothesis testing procedure is
determined under the null hypothesisin order to keep the type
I error rate under the level of significance considering that the
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type I error is more serious than the type II error. By adopting
a similar idea, we determine p in orderto keep the regional type
[ error rate under some desirable level. From section 6.2, the

regional type I error depends on N, &, @, p,A, A, and of these,

le»

N,a, and O are set to constant values when calculating the
total sample size in MRCT. Therefore, the values controllable by

the target regulatory agency are only ©,A;, A, and p,. In this
subsection, we consider the following two cases depending on

how the value of p, is determined.

In the first case, the value of p,is determined on non-
statistical grounds (such as the speed and cost of patient
recruitment) before the start of the multi-regional cligical
trial. In the second case, there is no pre-specified figure for the

number of patients in the target region, and the value of is
only known once the multi-regional trial ends. In the two cases
above, because the value of ' is known after the end of the multi-
regional trial, the determination of the critical value(p) leads
to the determination of the value of the regional type I error
(0{3) for the given values of A; and A. and vice versa. In other
words, if a regional regulatory agency determines the regional
type I error rate (e,) for given values of A and A, on clinical or
regulatory grounds, we can obtain the value of the critical value
(p) and vice versa.

Conclusion

In this paper, we proposed a new viewpoint to consider
method 1 as an exploratory hypothesis test, after which we
discussed the benefits of this new perspective. Due to this new
viewpoint, method 1 can be handled within the traditional
statistical framework. We hope that this new perspective
becomes a catalyst for studying the statistical properties of
Method 1, and hopefully more research will be done to ensure
better MRCTs.
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