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ABSTRACT

In clinical trials, data that are consistent witmarmal distribution are often regarded as candildior
primary evaluation variables. In such cases, stast frequently used to compare different grodpata.
However, the repeated use of t-tests leads to @mablwith multiplicity. This study proposes threenne
indexes that are based on (Kawasaki and Miyaokh?;22013). These indexes can be used to evaluate th
superiority, non-inferiority and equivalency of pdation means for normal distributions. These new
indexes are constructed based on the Bayesian irarkeand can be used to prevent multiplicity issues
We apply these three new indexes to actual dadedier to demonstrate their usefulness.
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1. INTRODUCTION multiplicity. This type of index can be used toatdhte
probabilities and can be easily and intuitively erstood.

In clinical trials, evaluation variables that follathe Moreover, these indexes can be used in comparibains
normal distribution have been used frequently toare based on the empirical Bayes method and can be
evaluate drug effects and post-operative effects.afé  applied to information about previous clinical ksiand
interested in comparisons of population means twe results. In this study, we propose a new extenddex
two groups. The t-test is a general statisticalhogt for cases where assessment variables follow thealor
(Student, 1908) that uses regression analysisvariemce  distribution. This new index is based on (Kawasaki
ratios (Keppel, 1991) to evaluate comparisons betwe Miyaoka, 2012; 2013). Thus, the three new indekes t
population means for two groups. The usage of thesgye suggest can be used to calculate probabilitiestty
statistical methods is limited by strong statidtica for superiority, non-inferiority and equivalency of
suppositions.  Additionally, the evaluation of the yonylation means for normal distributions and can b
equivalency requires two one-sided tests. Therea® e to perform comparisons between groups as well.
problems with multiplicity. These statistical medsoare The remainder of this study is organized as folloe
constructed based on the frequency theory framework  4ascribe the notations and the three new indexssdiiion

On the other hand, several evaluation methods hav%’ explain them via examples in section 3 and lfinal

been suggested that are based on the Bayesiagynciude the paper with a brief summary in seetion
framework. For instance, Berry developed a mettwd f

using the Bayes’ theorem and a method for comparing 2. MATERIALSAND METHODS
parameters directly (Berry, 1996). Kawasaki and

Miyaoka (2012; 2013) proposed a new evaluationxnde Let X3 = (X11, X129, X13, , » Xiny) and X% = (Xo1, Xoy,
that can be used to perform direct comparisonsdmtw X,s , , Xn) denote random variables for a normal
binomial proportions. This index is constructedtire distribution for trials p and n and parametersi( ¢°;)
Bayesian framework without considering the issue ofand i, 0%,), respectively. Further, we assume that
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is independent from,.The conjugate prior density for
ui(i =1, 2) is the normal distribution with parameter

2
Wi, pre ando i,pre-

2.1. Bayesian Superiority I ndex

The Bayesian superiority indéxcan be calculated

using:

9 = P(“l,post> u 2,post| Xl ’ Xl)

= P(ul,post_ H 2,post> 0 | )g. ’Xi): 1-o

2

1o,

n

where®(¢) is the cumulative distribution function for the

standard normal distribution
niyi + Ui,pre
2 2
0-i 0—i pre 2 1
L =— " gndo?, =—""—, denotes
Mo =1 w T 1
2 + 2 2 + 2
O O, O (oF

i i,pre i

posterior mean and variancelof(i = 1, 2).

i,pre

2.2. Bayesan Non-inferiority Index

The Bayesian non-inferiority indexy can

calculated using:

ﬂ = P(“l,post< u 2,post_ Ao | Xl’Xl)

= P(ul,posl_ M 2,post< _Ao | xlvxl)z P

2

o
1p . O2p

n,

where,Ag>0 is the non-inferiority margin.

2.3. Bayesian Equivalency I ndex

The Bayesian Equivalency index can

calculated using:

K= P(ul,posl< H 2,post Ao | X:lvxl)
= P(_Ao < ul,post_ H 2,post< A0 I Xll Xl)

Hip~Hop

2

2,p
n

2

By = (Myp—Hyyp

2

o
n

2

) Ao_(u1,p_“2,p) -d _AO_(MLP_l‘l 2,5)
0—fp_'_o—zz,p O-ip+o-722yp
n, n, n n,

where,Ap>0 is the equivalency margin.
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Tablel. A summary of results for an end point in a clihidal

Drug Number Means S.D. Min Max

New 8 76.63 16.78 44 94

Placebo 8 59.13 12.23 35 75
3.RESULTS

In this section, we show examples from clinicalsi
(TIT, 2010). The purpose of these trials was to
investigate the difference between the means fer th
active drug group and the placebo groupT &éble 1, we
show a summary of statistics for the active drugugr
and the placebo group.

3.1. Superiority Test

The purpose of this clinical trial is to find theean
for active drug group and determine whether it is
superior to the mean for the placebo group. The
primary analysis method in this clinical trial wedee t-
test and the result was a p-value of 0.0321. Tloeeef
the result exceeded the one-sided significance lefve
0.025 and the null hypothesis could not be rejected
On the other hand, we calculatad using a non-
informative prior and the probability afwas 0.954.

3.2. Non-Inferiority Test

Next, we show the non-inferior test that indicatest
the mean for the active group is not inferior atste5.0
points than the mean of placebo group. The resoith f
using the t-test is a one-side p-value of 0.0042.ti@
other handy = 0.992.

3.3. Equivalency Test

Finally, we present the equivalency test. This ysial
shows that the mean for the active group is withid
points of the mean for the placebo group. The tesul
from using the t-test (e.g., Schuirmann (1987; Iipkil
1990; Diletti et al., 1991)) are Two One-Sided Tests
(TOST) with a p-value of 0.9444 at a significaneegél
of 5%. Therefore, the results are not equivalent.
Additionally, x = 0.0024.

4. DISCUSSION

We showed the some examples in the results section
and obtained some findings.

We calculatedc using a non-informative prior and
the probability ofc was 0.954. This result suggests that
mean of the active drug group is high, since it has
probability of 95.4%. Next, we calculatgdusing a non-
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