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Summary

This paper addresses issues concerning methodologies on the sample size required for statistical eva-
luation of bridging evidence for a registration of pharmaceutical products in a new region. The brid-
ging data can be either in the Complete Clinical Data Package (CCDP) generated during clinical drug
development for submission to the original region or from a bridging study conducted in the new
region after the pharmaceutical product was approved in the original region. When the data are in the
CCDP, the randomized parallel dose-response design stratified to the ethnic factors and region will
generate internally valid data for evaluating similarity concurrently between the regions for assessment
of the ability of extrapolation to the new region. Formula for sample size under this design is derived.
The required sample size for evaluation of similarity between the regions can be at least four times as
large as that needed for evaluation of treatment effects only. For a bridging study conducted in the new
region in which the data of the foreign and new regions are not generated concurrently, a hierarchical
model approach to incorporating the foreign bridging information into the data generated by the brid-
ging study is suggested. The sample size required is evaluated. In general, the required sample size for
the bridging trials in the new region is inversely proportional to equivalence limits, variability of pri-
mary endpoints, and the number of patients of the trials conducted in the original region.
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1. Introduction

For marketing approval of a pharmaceutical product, sponsors are required to pro-
vide substantial evidences of the effectiveness and safety from adequate and well-
controlled clinical trials. On the other hand, to evaluate the reproducibility of evi-
dences, usually at least two, so called, “pivotal trials” in the same patient popula-
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tion are evaluated as recommended by the U.S. Food and Drug administration
(FDA). After a pharmaceutical product is approved by the regulatory agency in
the original region, such as the United States or European Union, the sponsor
might seek registration of the product in a new region, e.g., an Asian country.
Because of different ethnicity and clinical practice in the new region, necessity of
repeating all or any of phase I, phase II and phase III clinical trials with the same
scale in the new region has been discussed and debated. Recently the International
Conference on Harmonisation (ICH) has published a tripartite guidance entitled
“Ethnic Factors in the Acceptability of Foreign Clinical Data” to address the
above issues (ICH E5, 1997).
The objective of the guidance is to provide a framework for evaluation of the

impact of ethnic factors on the efficacy and safety of a pharmaceutical product at
a particular dosage or dose regimen. The guidance describes regulatory strategies
to minimize duplication of clinical data and the requirement of bridging evidences
to allow extrapolation of the foreign clinical data to the population of the new
region. According to the ICH E5 guidance, a bridge data package consists of (a)
selected information from the Complete Clinical Data Package (CCDP) from the
foreign region that is relevant to the population of the new region, and (b) if
needed, a bridging study designed to extrapolate the foreign efficacy and/or safety
data to the new region. In other words, bridging data can be obtained by two
strategies: they are either in the CCDP generated during clinical drug development
for submission to the original region or from the bridging studies conducted in the
new region after the pharmaceutical product was approved in the original region.
In addition, the ICH E5 provides general guidance about the ability to extrapo-

late data generated from a bridging study: (i) If the bridging study shows that
dose response, safety and efficacy in the new region are similar, then the study is
readily interpreted as capable of “bridging” the foreign data. (ii) If a bridging
study, properly executed, indicates that a different dose in the new region results
in a safety and efficacy profile that is not substantially different from that derived
in the original region, it will often be possible to extrapolate the foreign data to
the new region, with appropriate dose adjustment, if this can be adequately justi-
fied. As a result, the ability of extrapolation of the foreign data to the new region
depends upon similarity between the new and original regions. Although the ICH
E5 guidance does not provide a precise definition of similarity, it does require that
the safety and efficacy profile of the new region be not substantially different from
that of the original region. Similarity is therefore interpreted in ICH E5 as “no
substantial difference” which can be statistically interpreted as equivalence. In ad-
dition, recently the equivalence testing received much attention to evaluate thera-
peutic equivalence (Durrleman and Simon, 1990; Dunnett and Gent, 1977;

Blackwell, 1982; Liu, 1995; Jennison and Turnbull, 1993; Fleming, 2000;

Rohmel, 1998, Ebbutt and Frith, 1998; and Siegel, 2000). As a result, the con-
cept of two-sided equivalence or average bioequivalence (Chow and Liu, 2000,
and ICH E9, 1998) is appropriate to evaluate the similarity required by the ICH
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E5 guidance. In what follows, we use the term “similarity” and “equivalence”
interchangeably.
Under the strategy (a), a randomized parallel dose-response design with region

as a stratified factor can be employed to prospectively and concurrently generate
information on dose response, efficacy and safety during the clinical drug develop-
ment stage. This strategy will provide the most convincing bridging evidence that
is internally valid for evaluation of the similarity between the regions with respect
to dose response, efficacy and safety. If the similarity between the regions can be
verified by the data provided by this strategy, then there is no need to conduct a
bridging study in a new region. However, the sample size required under this
strategy, as shown later, will be much larger than that for the assessment of the
overall dose response, efficacy and safety.
When the data provided in the CCDP are not adequate for extrapolation or the

pharmaceutical product is ethnically sensitive, then bridging studies should be con-
ducted in the new region to generate data needed to bridge the clinical data between
the two regions. A bridging study could consist of another efficacy trial conducted in
the new region. Under the strategy (b), a bridging data set would comprise clinical
data generated from the new region as well as those by the clinical trials from the
original region. The goal of the analysis, therefore, is not only to provide informa-
tion on the dose response, efficacy, and safety with the data from the new region but
also to evaluate similarity of dose response, efficacy and safety with the foreign
clinical data conducted in the original region before the approval.
Since the main objective of a bridging strategy is to minimize the duplication of

clinical data generated in the new region, the sample size becomes a very impor-
tant issue. To reduce the sample size of a bridging study, information on the dose
response, efficacy and safety from the original region can and should be incorpo-
rated in a statistically sound manner to evaluate bridging evidence. Chow, et al.
(2001) suggested using a reproducibility probability to evaluate bridging evidence.
The reproducibility probability provides the power of detecting a treatment differ-
ence with an adjustment over possible range of the difference and variability ex-
pected in the new region. However, this approach fails to address the similarity
between the new and original regions with respect to dose response, safety and
efficacy as required by the ICH E5 guidance.
The purpose of this paper is to address the issues on sample size in planning

bridging study and evaluation of bridging evidence. In Section 2, we formulate the
hypothesis to assess the ability to extrapolate bridging evidence from the original
region to the new region in terms of testing for similarity. In addition, the issue on
the sample size for assessment of the similarity based on the data prospectively
generated in the same trial during the clinical drug development stage (strategy a)
is addressed. In Section 3, we present a hierarchical model to evaluate the sample
size required for the analysis of bridging study (strategy b). Section 4 provides a
numerical example for illustration. Discussion and final remarks are given in the
last section.
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2. Extrapolation and Similarity

For simplicity, here we only consider the problem for an assessment of efficacy in
a comparison between a test treatment with a placebo control. However, the meth-
ods derived here can be directly applied to evaluate similarity of dose response or
safety between the new and original regions. Suppose that a global pharmaceutical
company currently develops a new drug for treatment of patients with chronic
hepatitis B. A randomized double-blind study is being conducted in both the
northern America region and the Asian Pacific region to compare the new drug
treatment with a placebo as the concurrent control. One of the primary efficacy
endpoints for the degree of hepatic inflammation and fibrosis is the Knodell Histo-
logic Activity Index (KHAI) based on the liver biopsy (Knodell, 1981). The
KHAI has a range of 0 to 18 with higher scores indicating more severe abnormal-
ity.
Let N be the total number of patients in the study with NO patients recruited

from the northern America region and NN patients from the Asian Pacific region,
where NO and NN are assumed to be even, and NO þ NN ¼ N. Let Yijk be the
KHAI for patient k receiving treatment j in region i, k ¼ 1; . . . ; K, j ¼ T (test),
P (placebo), and i ¼ O (northern America), N (Asian Pacific); K ¼ NO/2 if i ¼ O
and K ¼ NN/2 if i ¼ N. We assume that Yijk is independent and normally distribu-
ted with mean mij and variance s2. The treatment effect (difference) at region i is
defined as

Di ¼ miT � miP, i ¼ O, N . (1)

Following Fleiss (1986) and Yates (1934), the overall treatment effect is defined
as the simple average over the treatment effects of the two regions:

D ¼ (1/2) [(mOT � mOP) þ (mNT � mNP)] (2)

Under the assumption of no region-by-treatment interaction, it gives D ¼ (mOT
� mOP) ¼ (mNT � mNP) ¼ (mT � mP). The hypothesis of testing for an overall
treatment is given as

HO : mT � mP ¼ 0 vs. Ha : mT � mP 6¼ 0 (3)

The statistic d ¼ (1/2) [(YOT � YOP) þ (YNT � YNP)] has the mean D and variance
s2(1/NO þ 1/NN), where Yij is the sample mean for the treatment j in region i. A
usual test statistic for hypothesis (3) is then given as Td ¼ d=ðs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1=NO þ 1=NN

p
Þ.

The null hypothesis in (3) is rejected if jTd j > z(a/2), where z(a/2) is the a/2-th
upper percentile of the standard normal distribution. The total sample size required
to achieve the (1 � b) power of detecting the treatment difference D at the two-sided
a level test is

Nd � s2=[D2r(1� r)] [z(a/2) þ z(b)]2 , (4)
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where r ¼ NO/N and (1� r) ¼ NN/N. Note that the statistic d is always valid for
testing the overall treatment effect regardless whether or not a region-by-treatment
interaction exists.
The similarity with respect to the efficacy can be interpreted as the difference of

treatment effects between the two regions is within some clinically acceptable
limit, say d. The relationship between d and D can be expressed as d ¼ fD. d is
clinically acceptable and meaningful only if 0 < f < 1 because similarity dictates
that the difference of treatment effects between regions should be smaller than the
overall treatment effect. Let q ¼ (mNT � mNP) � (mOT � mOP) denote the differ-
ence of treatment effects between the two regions. A hypothesis for evaluation of
the similarity between the two regions can be formulated as the two-sided equiva-
lence hypothesis:

HO : q � �d or q � d vs. Ha : �d < q < d . (5)

Denote the sample estimate of q as t ¼ (YNT – YNP) � (YOT � YOP). The sample
estimate t has a normal distribution with the mean q and variance vðtÞ ¼ 4s2/
[Nr(1� r)]. Define two test statistics

TL ¼ ðt þ dÞ=
ffiffiffiffiffiffiffiffi
vðtÞ

p
; and Tu ¼ ðt � dÞ=

ffiffiffiffiffiffiffiffi
vðtÞ

p
ð6Þ

The null hypothesis (5) is rejected and similarity between the new and original re-
gion is concluded at the a significance level if and only if TL > z(a) and TU < �z(a).
When q ¼ 0, the total sample size required to achieve (1� b) power for testing the
similarity hypothesis (5) is given as

Ns � {4s2/[d2r(1� r)]} [z(a) þ z(b/2)]2 (7)

¼ {4s2/[ f 2D2r(1� r)]} [z(a) þ z(b/2)]2 .

If D represents the overall treatment effect, the ratio of the total sample size
required for testing similarity (5) to that for testing an overall treatment effect (3)
is given as

Ns /Nd ¼ (4/f 2) {[z(a) þ z(b/2)]2/[z(a/2) þ z(b)]2} (8)

When a ¼ 0.05 and b ¼ 0.20, the ratio of [z(a) þ z(b/2)]2/[z(a/2) þ z(b)]2 is
about 1.09. Consequently, the ratio of the two sample sizes is approximately

Ns /Nd ffi 1.09(4/f 2) .

Two remarks can be made from the above equation. First, the ratio is independent
of the stratified fraction r. Second, if f is chosen as 0.5, a rather liberal equiva-
lence limit, then the total sample size required for evaluation of the similarity is at
least sixteen times as large as that for the assessment of overall treatment effect.
The test for similarity requires a much larger sample size that represents a tremen-
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dous burden in resources for clinical drug development. Unless the market is ex-
tremely important to the sponsor, the strategy of conducting a local bridging study
after the approval of the drug product in the original region might represent a
cost-effective alternative.

3. Hierarchical Models

Suppose that I trials have been conducted for the approval of the drug product in
the original region and a bridging trial is being conducted in a new region for
registration after the approval in the original region. Let Yijk be the clinical re-
sponse for patient k receiving treatment j on the ith trial conducted in the original
region, k ¼ 1; . . . ; nij, j ¼ T (test), P (placebo), and i ¼ 1; . . . ; I. Assume that
Yijk’s are independently normally distributed with mean mij and variance s2ij,
k ¼ 1; . . . ; nij; j ¼ T (test), P (placebo), and i ¼ 1; . . . ; I. Following Tarone

(1982) and Prentice, et al. (1992), we further assume that mij has a normal distri-
bution with mean mOj and variance n2Oj, j ¼ T, P. Consequently, the Yijk’s are
independently normally distributed with mean mOJ and variance w2

ij ¼ s2ij þ n2Oj,
J ¼ T, P. Similarly, let YNjk be the clinical response from a bridging study con-
ducted in the new region, k ¼ 1; . . . ; nNj, j ¼ T (test), P (placebo). Again, YNjk’s
are assumed to be independently normally distributed with mean mNj and variance
w2
Nj, J ¼ T, P.
Define Yij be the sample mean for treatment j in trial i; j ¼ T, P; i ¼ 1; . . . ; I.

The maximum likelihood estimate (MLE) of mOJ is given as

tOj ¼ [SYij /(w
2
ij/nij)]/{S[1/(w

2
ij/nij)]} , (9)

where w2
ij ¼ S(Yijk � tOj)

2/nij is the MLE of w2
ij, j ¼ T, P; i ¼ 1; . . . ; I. The MLEs

tOj and w2
ij can be solved iteratively. For the bridging study, the MLE of the mean

mNj is the sample mean YNj, denoted by tNj, j ¼ T, P. The MLEs tOj and tNj are
independent and follow normal distributions with asymptotic variances
vðtOjÞ ¼ 1=fS½1=ðw2

ij=nijÞ�g and vðtNjÞ ¼ w2
Nj=nNj. The estimated asymptotic var-

iances for tOj and tNj are s2Oj ¼ 1=fS½1=ðw2
ij=nijÞ�g and s2Nj ¼ SðYNik � tNjÞ2=n2Nj,

respectively. Thus, the statistic t ¼ ðtNT � tNPÞ � ðtOT � tOPÞ is an asymptotic un-
biased estimate for q with the estimated asymptotic variance
s2 ¼ s2NT þ s2NP þ s2OT þ s2OP. The test statistics for similarity (5) under the hierarch-
ical model are given by

TL ¼ ðt þ dÞ=s and TU ¼ ðt � dÞ=s :
The null hypothesis is rejected and similarity between the new and original re-
gions is concluded if and only if TL > z(a) and TU < �z(a). Alternatively, the
(1� 2a)% confidence interval for q given as (L; U), where U ¼ t þ z(a) s and
L ¼ t � z(a) s. The similarity between the new and original region is claimed at a
significance level if and only if (L; U) is completely contained within (�d, d).
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Note that the test statistics TL and TU involve an external cross-trial comparison.
They are based on the constancy assumption that the treatment effect is unchanged
if the same patient population were enrolled in the bridging study. In addition, the
factors other than ethnic factors may contribute to the variability between the stu-
dies. Therefore, to minimize bias, it is critical to keep the design characteristics
and conduct of the bridging study as close to the studies previously conducted in
the original studies as possible.
If nN is the total number of patients in the bridging study with nNt patients in

the treatment group and NNp in the control group, denote the allocation fraction
for the treatment as gNT ¼ nNt=nN. Let

A1 ¼ s2NT=gNT þ s2NP=ð1� gNTÞ ;

A2 ¼ d2=½zðaÞ þ zðb=2Þ�2 ð10Þ
and

A3 ¼ s2OT þ s2OP :

It can be shown that when q ¼ 0, the total sample size required for a bridging
study to achieve (1� b) power for testing the similarity hypothesis (5) is given as

nN � A1=ðA2 � A3Þ ð11Þ

If w2
ij ¼ w2

Nj ¼ w2, for all i and j, SniT ¼ SniP, denoting that
CV ¼ 2w=ðmOT � mOPÞ and d ¼ f ðmOT � mOPÞ, then the formula for sample size in
(11) can be simplified as

nN ¼ ½1=gNTð1� gNTÞ�=fð2f =CVÞ2=½zðaÞ þ zðb=2Þ�2 � ð4=NOÞg ; ð12Þ

where 0 < f < 1 and NO ¼ SniT þ SniP is the total number of patients enrolled in
the trial conducted in the original region,
Table 1 presents the total sample size for a bridging study computed according

to formula (12) for a ¼ 0.05, b ¼ 0.2 and gNT ¼ 1/2 for various combinations of
CV , N, and f . Several remarks can be made from the equations (11) and (12) and
Table 1. First because the gNT(1� gNT) in (12) is maximized when gNT ¼ 1/2, it
follows that the total sample size for the bridging study in the new region is mini-
mized if an equal allocation is employed. When gNT ¼ 1/2,

nN � 1=fðf =CVÞ2=½zðaÞ þ zðb=2Þ�2 � ð1=NOÞg ð13Þ

Second, as the CV increases, the total sample size for the bridging study also
increases. Finally, the denominator is an increasing function of the total number of
patients enrolled in the trials conducted in the original region. As a result, if the
total number of patients NO is sufficiently large, then the contribution of 1/NO in
the denominator is negligible. The total sample size may then be approximated by

nN � ðCV=f Þ2 ½zðaÞ þ zðb=2Þ�2 ð14Þ
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On the other hand, the non-inferiority test may also be appropriate for evaluating
similarity between the two regions because the efficacy of new region can be
claimed similar if it is not inferior to that of the original region. The one-sided
non-inferiority hypothesis is given as

HOL : q � �d vs: Ha : q > �d ð15Þ

The non-inferiority of the new region can be claimed at the a significance level if
TL > z(a). The sample size for the non-inferiority can be obtained by substituting
b/2 by b in formula (12). Table 2 provides the total sample size for the non-
inferiority test for a bridging study for a ¼ 0.05, b ¼ 0.2 and gNT ¼ 1/2 for
various combinations of CV , N, and f . From Table 2, the sample sizes required
for non-inferiority test are in general one third fewer than those for the two-sided
equivalence test in evaluation of bridging evidence for similarity between the new
and original region.
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Table 1

Total sample size required for the two-sided equivalence test for the bridging study in the
new region for a ¼ 0.05, b ¼ 0.2 and gNT ¼ 0.5 by CV, NO and f

CV NO f

0.1 0.2 0.3 0.4 0.5

40% 400 208 38 16 10 6
1000 160 36 16 10 6
3000 144 36 16 10 6
5000 142 34 16 10 6

80% 400 � 208 72 38 24
1000 1214 160 66 36 22
3000 672 144 62 36 22
5000 604 142 62 34 22

100% 400 � 462 126 62 38
1000 5964 272 106 58 36
3000 1200 232 100 54 36
5000 1034 224 98 54 36

200% 400 � � 7854 462 208
1000 � 5964 616 272 160
3000 � 1090 436 232 144
5000 10878 1000 412 224 142

300% 400 � � � � 1344
1000 � � 5964 930 446
3000 � 5388 1200 574 344
5000 � 3136 1034 534 330

CV ¼ 2w/(mOT � mOP), w is the common variance of the response. NO is the total number
of patients enrolled in the trials with equal allocation in the trials conducted in the original
region. f is the proportion of the clinically acceptance limit d expressed as a function of the
mean difference between the test and placebo i.e. d ¼ f (mOT � mOP).



4. Numerical Examples

A drug sponsor plans to conduct a randomized double-blind trial to investigate
similarity on efficacy of a new drug versus the placebo in the patients with mild
to moderate essential hypertension between the northern America and Asian Paci-
fic regions. Based on sitting diastolic blood pressure (SDBP), it expects that after
24 weeks of treatment, the mean SDBP for the new drug will decrease from base-
line by an amount of 15 mm/Hg while the mean SDBP in the placebo will de-
crease by 4. As a result, the relative efficacy of the new drug as compared to
placebo is an improvement of mean reduction of SDBP from baseline of 11 mm/
Hg. The standard deviation of change from baseline in SDBP is around 11. This
gives a CV of 200.0%. The Northern American and Asian Pacific regions can be
claimed as having a similar efficacy if the difference of the relative efficacy be-
tween the two regions is �5.5 mm/Hg, which is 50% of 11 mm/Hg. If an equal
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Table 2

Total sample size required for non-inferiority test for the bridging study in the new region
for a ¼ 0.05, b ¼ 0.2 and gNT ¼ 0.5 by CV, N and f

CV NO f

0.1 0.2 0.3 0.4 0.5

40% 400 132 26 12 6 4
1000 110 26 12 6 4
3000 102 26 12 6 4
5000 102 26 12 6 4

80% 400 36668 132 50 26 16
1000 656 110 46 26 16
3000 456 102 46 26 16
5000 430 102 46 26 16

100% 400 � 252 84 44 26
1000 1620 184 74 40 26
3000 780 164 70 40 26
5000 706 160 70 40 26

200% 400 � � 878 252 132
1000 � 1620 380 184 110
3000 14080 780 302 164 102
5000 4894 706 292 160 102

300% 400 � � � 2664 502
1000 � � 1620 534 288
3000 � 2594 780 394 240
5000 � 1928 706 374 234

CV ¼ 2w/(mOT � mOP), w is the common variance of the response. NO is the total number
of patients enrolled in the trials with equal allocation in the trials conducted in the original
region. f is the proportion of the clinically acceptance limit d expressed as a function of the
mean difference between the test and placebo i.e. d ¼ f (mOT � mOP).



number of patients is planned to be recruited from both regions, according to (7),
a total of 548 patients would be required to achieve the 80% power for testing the
similarity (5) at the 5% significance level.
Suppose the sponsor has conducted three randomized placebo controlled trials

in the northern American region with a total of 918 patients to establish efficacy
and safety of the new antihypertensive drug. The results in reduction of SDBP
from baseline of the three trials of a particular dose are summarized in Table 3.
Under the hierarchical model, mOT is estimated �16.9 mm/Hg and mOP is �3mm/
Hg. It follows that the estimated relative efficacy is �13.9 mm/Hg with an esti-
mated asymptotic variance of 0.58. This gives a value of �18.2 for the z statistic
with a p-value < 0.0001 which clearly establishes the efficacy of the drug in re-
duction of SDBP. After the drug was approved by the Northern America region, a
bridging study in the Asian Pacific region is planned. Using equation (11), a total
sample size of 148 for the bridging is required to achieve 80% power for evalua-
tion of similarity between the two regions with the same equivalence limit of
5.5 mm/Hg at the 5% significance level.
For illustration purpose, the bottom of Table 3 presents the results of a bridging

study conducted in an Asian Pacific country with the same study design, the same
inclusion/exclusion criteria, the same dose and dosing regimen, and the same pri-
mary endpoints. Since the primary endpoint is the reduction from baseline in
SDBP, if the same equivalence limit of 5.5 mm Hg is employed, the non-inferiority
hypothesis becomes HOL : q � 5.5 vs. HaL: q < 5.5. It can be easily verified that
TL ¼ 3.59 > �1.645. We conclude that the mean reduction from baseline in SDBP in
the new region can not be concluded to be non-inferior to that of the original region at
the 5% significance level. Consequently the relative efficacy as measured by the
mean reduction from baseline in SDBP is not similar to that of the original region.
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Table 3

Summary of Reduction from Baseline in Sitting Diastolic Blood Pressure

Region Study Statistics Treatment Group

Drug Placebo

Original 1 N 138 132
Mean (mm Hg) �18 � 3
Standard Deviation 11 12

2 N 185 179
Mean (mm Hg) �17 � 2
Standard Deviation 10 11

3 N 141 143
Mean (mm Hg) �15 � 5
Standard Deviation 13 14

New 1 N 64 65
Mean (mm Hg) � 4.7 � 3.8
Standard Deviation 11 11



5. Discussion

The ICH E5 guidance provides regulatory requirements that the acceptability of
foreign data should be evaluated based on the similarity of dose response, efficacy
and safety between the foreign and new regions. A scientifically sound and statis-
tically valid interpretation of similarity is the hypothesis for the two-sided equiva-
lence in (5). The two one-sided tests (TOST) procedure is presented for evaluation
of similarity between the regions concurrently in a prospectively randomized trial.
Under the hierarchical model, TOST is also suggested for evaluation of equiva-
lence between the results of the bridging study conducted in the new region and
those from the original region. The formulas for sample size determination are
also derived. If a sponsor chooses to evaluate the similarity between two regions
concurrently in a prospectively randomized trial, the sample size required can be
quite formidable. Consequently, until some innovative Bayesian procedures are
proposed, the traditional TOST for evaluation of bridging evidence generated from
a prospectively randomized trial may be of little practical value due to the prohibi-
tively large sample size.
The similarity requirement by the ICH E5 guidance is to evaluate whether

across-trial difference of treatment effect relative to placebo (test-placebo) is with-
in some pre-specified clinically meaningful limit. There are lots of publications on
the controversial selection of so called clinically meaningful equivalence limits for
active controlled “non-inferiority” trials, e.g., Temple and Ellenberg (2000), El-
lenberg and Temple (2000), Fisher et al. (2001), Hung (2001), Snappin (2001),
Tsong, et al. (2001), Wittes (2001). However, if the equivalence limit is based on
the point estimate of the difference between the test product and placebo from the
results of the clinical trial conducted in the original region, then its variability
should be taken into account. Otherwise, the type I error rate will be inflated. This
phenomenon was noted in Liu and Weng (1995). The use of the lower limit of
the confidence interval for the difference between the test product and placebo is
one way to alleviate this problem. Liu and Weng (1995) suggested the following
alternative approach. If d ¼ f (mOT � mOP), then the two-sided equivalence hypo-
thesis in (5) can be decomposed into the following two one-sided hypotheses:

HLO : ðmNT � mNPÞ � ð1� f Þ ðmOT � mOPÞ � 0 vs:

HLA : ðmNT � mNPÞ � ð1� f Þ ðmOT � mOPÞ > 0

and (16)

HUO : ðmNT � mNPÞ � ð1þ f Þ ðmOT � mOPÞ � 0 vs:

HUA : ðmNT � mNPÞ � ð1þ f Þ ðmOT � mOPÞ < 0 :

Under the hierarchical model, it is then straightforward to obtain the test statistics
that are given as

T 0
L ¼ tL=sL and T 0

U ¼ tU=sU ;
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where tL ¼ ðtNT � tNPÞ � ð1� f Þ ðtOT � tOPÞ, tU ¼ ðtNT � tNPÞ � ð1þ f Þ ðtOT � tOPÞ;
s2L ¼ ðs2NT þ s2NPÞ þ ð1� f Þ2 ðs2OT þ s2OPÞ and s2L ¼ ðs2NT þ s2NPÞ þ ð1þ f Þ2
� ðs2OT þ s2OPÞ.
The null hypothesis is rejected and similarity between the new and original

regions is concluded if and only if TL > z(a) and TU < �z(a). The power func-
tion for the above procedure based on T 0

L and T 0
U is quite complicated and de-

pends on the nuisance parameter (mOT � mOP). The performance of size and power
and sample size determination for this procedure requires further research analyti-
cally and empirically.
As shown in formula (12), based on the hierarchical model, the sample size

required for the bridging study in the new region is a function of f , CV , and NO.
In addition, if when gNT ¼ 1/2 and ( f =CV)2=[z(a) þ z(b/2)]2 � (1/NO), then nN
is negative. In other words, no sample size for the bridging study in the new
region can achieve 1� b power for testing hypothesis (5) at the a significance
level. This phenomenon will occur when the variability of the endpoint for evalua-
tion of efficacy (i.e., CV) is too large; the equivalence limit is too strict, and the
size of foreign clinical database in the original region is small. For example, from
Table 1, no sample size exists for when f ¼ 0.1 or 0.2; CV is greater than 200%;
and NO is fewer than 1000. Furthermore, although the sample size can be ob-
tained when CV is greater than 200% for f > 0.3, they usually are quite large and
exceed 1000. As a result, the bridging study in the new region might be feasible if
the CV of the primary efficacy endpoint is less 200% and the number of patients
is at least 1000 in the foreign clinical data from the original region.
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