Regarding the factors that affect the local control rate, we
investigated the age (less than 65 years of age vs 65 years of age and
over), the T stage (T2, T3 vs T4), the site (tongue vs oral cavity
except tongue), the presence of systemic chemotherapy (Groups 1,
3 vs Groups 2, 4), the difference between selective intra-arterial
infusion and non-selective intra-arterial infusion (external carotid
artery), and the difference between agents for intra-arterial
infusion (carboplatin vs cisplatin). Regarding the factors that
affect the survival rate, we investigated N stage (N0, 1 vs N2, 3),
clinical stage (111 vs IV), and PS (0, 1 vs 2, 3) in addition 1o the six
factors noted above.

We used the Kaplan-Meier method for survival and local
recurrence-free analyses and the log-rank test to determine
whether any significant differences existed between different
patients in terms of end points. Survival and local recurrence-
free rates were calculated (as of April 1, 2007 or the date of the last
medical examination) from the start of treatment to the date of the
event,

The Cox regression model was used to perform a multivariate
analysis,

RESULTS
Patient population

The subjects consisted of 136 patients with locally advanced oral
cavity cancer who underwent intra-arterial chemotherapy com-
bined with radiation therapy between January 1993 and December
2006 (Table 1). Because the amount of agent for intra-arterial
infusion in two cases out of 136 was less than 50% of the scheduled
amount, we performed an analysis with 134 cases infused with 50%
or more of the prescribed amount.

Table 2 shows the TNM staging, age, and PS among the four
groups. The median age of Groups 1 and 3 was 17 years older than
that of the Groups 2 and 4. The percentage of good PS patients was
higher in the Groups 2 and 4. Written informed consent was
obtained from all the patients.

Follow-up studies were sufficiently performed in the 131
patients except in three patients as of April 2007. The median
follow-up duration for patients who were alive was 45.4 months
(range: 5-168 months).

Treatment delivery

The selected arteries consisted of the lingual artery in 52 patients,
the bilateral lingual arteries in 12 patients, the facial artery in 12
patients, the faciolingual trunk in 4 patients, the maxillary artery in
1 patient, the external carotid artery in 48 patients, the external
carotid artery and contralateral lingual artery in 3 patients, and the
external carotid artery and contralateral facial artery in 1 patient.
During the treatment course, the route was changed from the
lingual artery to the external carotid artery in two patients. The
total dose of carboplatin ranged from 240 to 800 mg, with a median
of 430 mg. The total dose of cisplatin ranged from 40 to 390 mg,
with a median of 120 mg. In the arterial injections of carboplatin,
87% of the cases were administered the scheduled quantities of
carboplatin, whereas 5% of the cases were administered 50% or
less of the scheduled quantities of carboplatin. In the arterial
injections of cisplatin, 75% of the cases were administered the
scheduled quantities of cisplatin, whereas 5% were administered
50% or less of the scheduled quantities of cisplatin.

Of the patients, 74 (55.2%) patients received systemic
chemotherapy. The number of chemotherapy courses was one in
9 patients, and two in 65 (87.8%) patients.

The radiation dose ranged from 27 to 78 Gy, with a median of
63 Gy, Brachytherapy was performed in 41 (30.6%) patients;
interstitial irradiation using a Cs needle was performed on 14
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Table | Characteristics of |34 patients with squamous cell carcinoma of
the oral cavity
Age (years)
Median &7
Range 15-8%
Gender
Male 89
Fernale 45
Performance stotus (ECOG)
0 26
| 93
2 1
3 4
TNM (2002) T stoge
Ti 1]
2 16
T3 67
T4a 49
T4b 2
TNM (2002) N stoge
NO 1
NI 4
Nia |
MN2b 28
N2c 6
N3 4
Stoge
1 63
VA 67
VB 4
Primary tumour site
Tengue ee
Lower ginghva 16
Floor of the mouth 14
Buccal mucosa 12
Upper gingva 3
Hard palate [
Reasons not performing surgery
Refusal 78
Old age 27
Poor performance status 10
Poor candio-pulmanary function 10
Inoperable advanced lesion 9

patients, and interstitial irradiation using Au grain was performed
on 27 patients.

Treatment results

A complete response was achieved in 109 patients, and a partial
response in 25 patients, A relapse was detected in 65 patients:
primary site, 36 patients; cervical lymph node, 19 patients; primary
site and cervical lymph node, 2 patients; primary site and distant
metastasis, 1 patient; cervical lymph node and distant metastasis, 2
patients; distant metastasis, 5 patients. The 3-year local (primary
site) recurrence-free rate of all patients was 68.6% (95% confidence
interval (CI): 60.6-77.7%) (Figure 2A). Cumulative local recur-
rence-free rate of T2-3 and T4 patients at 3 years were 77.9% (95%
Cl: 69.1-87.9%) and 51.3% (95% CI: 37.5-70.2%), respectively
(Figure 2B),

Of the patients demonstrating a relapse, salvage surgery was
performed in 15 patients, intra-arterial chemoradiation in 9
patients, intra-arterial chemotherapy in 3 patients, chemoradiation
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therapy in 3 patients, radiation therapy in 5 patients, and
chemotherapy in 1 patient. Of these 36 patients, 9 patients had
successful (surgery in 5 patients, intra-arterial chemo-
radiation in 3 patients, chemoradiation therapy in 1 patient),
becoming disease-free after the procedure.

Table 2 TNM stage, age, and PS among the groups

Group | Group 2 Group 3 Group 4
(n=139) (n=18) (n=121) (n = 48)
Stage
U] 26 14 5 18
VA 13 12 14 8
va 0 o 2 1
Age (years)
Median 3 5% 7 59
Range 51-90 B-72 62-87 25-73
Ps
0 2 8 3 13
| 29 17 4 33
2 6 I 3 I
3 2 0 | I

8o

0.0+

B 10

5 0.8

0.6 "--\1

0.4+
8o

0.0
] 1 2 3 4 5 6
Time (year)

Figure 2 Actuarial local (primary site) recurmence-free rate of patients
with advanced cell carcinoma of the oral cavity by Kaplan—Meier
method. (A) Actuarial local (pnmary site) recurrence-free rate of all
patients. A solid line: local control rate curve. A broken line: 95% CL (B)
Actuarial local (primary site) recurrence-free rate according to the T stage.
A sgﬁgosh;z T2+ T3 cases (n=83). A broken fine: T4 cases (n=>5I).
P=0! I

British Journal of Cancer (2008) 98(6), 1039~ 1045

At the time of analysis, 65 patients had died, 66 patients were
still alive, and 3 patients had been lost to the follow-up. In the 65
patients who had died, the cause of death was oral cavity cancer in
45, other diseases in 18, and treatment-related complication in 2.
The 3-year overall survival of all patients was 53.9% (95% Cl:
45.4-64.0%) (Figure 3A). Cumulative survival rates of stages Il
and IV patients at 3 years were 62.9% (95% CI: 51.4-77.0%) and
45.3% (95% CI: 33.9-60.5%), respectively (Figure 3B).

Factors of survival and local recurrence

In a univariate analysis, T factor, the selected artery, and the site
were found to have a significant impact on local recurrence,
whereas systemic chemotherapy and difference of 1A chemotherapy
had only a marginal significance. In a multivariate analysis,
T factor and difference of 1A chemotherapy were of borderline
significance (Table 3).

In a univariate analysis, age, systemic chemotherapy, and
difference of IA chemotherapy were found to have a significant
impact on survival. In a multivariate analysis, age, difference of A
chemotherapy, and selected artery were found to have a significant
impact on survival, whereas systemic chemotherapy was not a
significant factor (Table 4).

Acute toxicity

Acute toxicity is summarised in Table 5. Grade 3 or higher toxic
changes included granulocytopaenia in 60 (45%) patients,
thrombopaenia in 31 (23%) patients, anaemia in 26 (19%) patients,
and mucositis in 15 (11%) patients. There was no significant
difference in the degree of acute toxicity among the four groups.

0 1 2 3 s 5 6
Time (year)
Figure 3 Actwarial survival rates of patients with advanced squamous cell

carcinoma of the oral cavity by Kaplan-Meier method. (A) Actuanal
survival rates in all | 34 patients. A solid line: overall survival curve. A broken
line: 95% Cl. (B) Actuarial survival rates according to the stage. A solid line:
stage Ill cases (n= 63). A broken line: stage IV cases (n=71). P=0.117.
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Table 3 Results of the multivariate analysis of prognostic factor on local recurrence-free time based on Cox proportional-hazards model
Selected factor Level Adjusted P-value® Adj d HR (95% confidence interval)
T dassification TlorT3 0.0501 1,000 (referent)

T4 211 (0999, 445)
Site Tongue 0.684 1000 (referent)

Oral cavity except tongue 1.16 (0558, 2.42)
Systemic chematherapy NO (Group | or 3) 0.265 1,000 (referent)

YES (Group 2 or 4) 0,682 (0.347, 133)
IA chemotherapy CBDCA 0.0884 1.000 (referent)

CDDP 0552 (0.278, 1.09)
Artery Selected 0.106 1.000 (referent)

artery
External carotid artery

I.76 (0.885, 353)

*The Pvalue for the log-rank test

Table 4 Results of the multivariate analysis of prognostic factors on overall survival based on Cox proportional-hazards model

Selected factor Level Adjusted P-value)* Adjusted HR (95% confidence interval)
Age (year) <65 00185* 1,000 (referent)
> =685 205 (1.12, 3.75)
Systemic chemotherapy NO (Group | or 3) 0.104 1.000 (referent)
YES (Group 2 or 4) 0.610 (0336, 1.10)
IA chemotherapy CBDCA 00i41* 1.000 (referent)
CDDP 0477 (0.265, 0.851)
Artery Selected artery 0.02%0* 1.000 (referent)
Exterral carotid artery 1.74 (1,05, 186)
*The P-value for the Wald's tast. *Pvalue <0.05.
Table 5 Toxicity according to the group
Group | (n=139) Group 1 (n = 26) Group 3 (n=121) Group 4 (n - 48)
Toucities 0-2 3 4 0-2 3 4 0-2 3 4 0-2 3 )
Haematolagic
White blood cell 21 15 3 15 5 6 9 8 4 24 8 é
Granulocyte 12 13 4 15 5 & 11 8 2 4 14 8
Platelet N 4 3 14 & [ 18 2 | k) 4 5
Haemogiobin 34 4 | 0 6 0 18 3 0 36 10 2
Non-haamatologic
Liver 39 0 0 5 | o 2l 1] ] 47 I (4]
Kidney 9 ] 0 26 o 0 21 0 0 48 0 0
Yomiting k] o 0 2% o ] 21 0 (1] 46 1 0
Mucocitis 37 1 0 23 3 0 19 i ] 40 B 0
Fever 7 1 0 25 | 0 0 | (1] 48 0 0

In addition, no transient or persistent central nervous complica-
tions were observed. Treatment-related death was confirmed in
two patients. Although tumours in both patients disappeared as a
result of therapy, both patients died of gastrointestinal bleeding.

Chronic toxicity

We studied chronic toxicity in 97 patients who survived more than
12 months after the treatment. Although these 97 patients did not
develop severe problems in their phonation or deglutition function
and were able to eat almost normally, continuous glossalgia was
recognised in one of the patients and analgesic was sometimes

© 2008 Cancer Research UK

necessary for this patient, and two patients developed osteo-
radionecrosis, which needed surgery.

DISCUSSION

The results of radiotherapy for advanced oral cavity cancer alone
were poor (Decroix and Ghossein, 1981; Horiuchi et al, 1982).
Currently, surgery is the standard treatment (Poulsen et al, 1996).
Several studies have reported arterial injection therapy for oral
cavity cancer; however, the number of patients in such studies
tended to be small, and its usefulness has not yet been clearly

British Journal of Cancer (2008) 98(6), 1039~ 1045
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demonstrated (Hirai et al, 1999; Damascelli et al, 2003; Kovacs,
2004). No randomised controlled trials have yet been performed to
compare the effectiveness of surgery with chemoradiation, and the
usefulness of chemoradiation therapy involving systemic chemo-
therapy thus remains to be clarified.

After surgery, the 5-year survival rate ranged from 27 to 60% of
stage I1I patients, while it ranged from approximately 12 to 40% of
stage IV patients (Chen et al, 1999; Sessions et al, 2002; Greenberg
et al, 2003; Lo et al, 2003; Gorsky et al, 2004; Liao et al, 2006; Fan
et al, 2007); our results were therefore similar to the results after
surgery. In particular, the results of arterial injection therapy by
cisplatin with sodium thiosulphate were excellent.

Currently, there are two procedures for performing arterial
infusion therapy for head and neck cancer: namely, a procedure in
which a catheter is inserted into the target artery through the
superficial temporal artery, as presented in this study, and a
procedure in which a catheter is inserted into the target artery
through the femoral artery by Seldginger's procedure (Robbins
et al, 1994, 2000; Balm er al, 2004; Alkureishi et al, 2006). The latter
procedure is simpler than the former procedure, and it facilitates
the administration of anticancer agents into several arteries;
however, drug administration over a long duration is impossible,
and catheter operation-related cranial nerve disorders may some-
times occur. Although Robbins et al reported the incidence of
cranial nerve disorders to be 2-4%, no patient showed a cranial
nerve disorder in our study. While, in his series, the mean age was
56 years, the median age was 67 years in our study. Therefore,
arterial injection therapy in which a catheter is inserted into the
target artery through the superficial temporal artery may therefore
be appropriate for elderly patients, and the drug can thus be
administered over a long duration.

The dose of cisplatin in our study was approximately 1/5 of
that described by Robbins er al. However, the duration of
administration was 60 times longer. It has been reported that the
antitumour effects of cisplatin are correlated with the concentra-
tion and duration of administration (DeConti et al, 1973;
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Abstract

In the process of clinical trials and health-care evaluation, Bayesian approaches have increasingly become the center of
attention. In this article, sample size calculations for a non-inferiority test of two independent binomial proportions in a clinical trial
are considered in a Bayesian framework. The hybrid Neyman—Pearson—Bayesian (WNPB) probability, the conditionally Bayesian
(cB) probability and the unconditionally Bayesian (uB) probability are formulated through a conjugate normal analysis. The sample
sizes are calculated based on formulas where normal prior distributions are assumed, and are compared with the Neyman—Pearson
(NP) sample size. Our results show that the sample size based on the hNPB probability allows us to critically evaluate the
appropriateness of the NP sample size. It is suggested that the sample size calculated based on the cB probability formula is smaller

than the NP sample size.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Prior distribution; Predictive probability, Conjugate normal analysis; Futility

1. Introduction

In clinical research, clinical trials are usually
conducted for evaluation of the efficacy and safety of
a test drug as compared to a placebo control or an active
control agent (e.g., a standard treatment) in terms of
discrete variables, for example, clinical response (e.g.,
complete response, partial response, and stable
response), survival in cancer trials, and the presence of
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1551-7144/8 - see front matter © 2007 Elsevier Inc. All rights reserved.

doi:10.1016.cc1.2007.12.001

adverse events. The objectives of the intended clinical
trials usually include the evaluation of the effect, the
demonstration of therapeutic equivalence/non-inferior-
ity and the establishment of superiority, and for
evaluation of these objectives based on discrete clinical
endpoints, the proportions of events that have occurred
in different treatment groups are often compared.

For calculation of a sample size for comparing
proportions between two independent groups, especially
in a confirmatory clinical trial, an approach based on
Neyman—Pearson (NP) hypothesis testing is usually
utilized. In this approach, a value for a true difference
between two proportions to be detected that has clinical
meaning, together with type I and type II errors have to
be specified in advance of conducting a trial. However,
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some authors have recommended assuming some prior
distribution for the difference, rather than pre-specifying
such a value in a Bayesian framework [1-7]. Most of
their calculated sample sizes are based on the posterior
distribution.

For calculation of a sample size for demonstrating
therapeutic non-inferiority of a test treatment against an
active control, in addition to specifying the value for the
difference, a margin, or a delta (A) for non-inferiority
under a given trial design needs to be considered [8]. For
sample size calculation based on NP hypothesis testing,
a specific value for the margin needs to be set. The value
for the margin is pre-specified by taking into account the
size of the effect of the control treatment and factors
such as the efficacy, safety, cost and applicability of each
treatment, although the value for the difference is pre-
specified based on knowledge from previous research.

Investigators planning a trial may have a variety of
opinions about the pre-specified values for the margin
and the difference, on the basis of their own experience,
knowledge, or impressions of a test treatment or a con-
trol. Thus, considerable discussion is often necessary to
arrive at a consensus on specific values for the margin
and the difference. This process requires considerable
effort and is often extremely difficult [9-11].

Therefore, since investigators may have differing
opinions on appropriate values for the margin and the
difference, it may be necessary to calculate varying
sample sizes that reflect their various opinions, to com-
pare them with the sample size calculated for the agreed
values, and to recognize the differences among the cal-
culated sample sizes. In addition, investigators may be
interested not only in interpretations of the results based
on the frequentist approach, such as a p-value, an
estimate, and a confidence interval, but also, often in an
intuitive Bayesian answer to the question ‘what is the
probability that a test treatment is not inferior to a
control?’ Therefore, it is important to provide an approach
for the design or sample size calculation to allow for such
a Bayesian answer, analysis, interpretation, or report.

In this paper, we provide a simplified Bayesian ap-
proach to calculate the sample size in a non-inferiority
clinical trial with two proportions, by assuming a normal
prior distribution for the sum of the difference and the
margin. In Section 2, formulas for the power and sample
size based on NP hypothesis testing are derived. In
Section 3, several probabilities are formulated through a
conjugate normal analysis. In Section 4, sample sizes
are calculated based on the formulated probability, as
compared with the Neyman—Pearson sample size. In
Section 5, we conclude with several remarks on appli-
cability of the proposed approach.

-243-

2. The Neyman-Pearson power

Let Xj; be a binary response from the jth subject in the
ith treatment group, j=1,..., n;, i=0,1. For example, X,
could be an indicator for an event of interest, i.e., Xj=1
for the presence of the event and X;=0 for the absence.
For a fixed i, it is assumed that X}’s are independently
and identically distributed with Pr (X=1)=m;. In
practice, m; is usually estimated by the observed
proportion in the ith treatment group:

- 1 Hy
m=—

ny ematj=1 O

Let 6=m,—m, be the difference between the true
mean proportion of a test treatment (7;) and a control
(mp). Without loss of generality, we may consider >0
(6<0) as an indication of improvement (worsening) due
to the test treatment as compared to the control value.
The problem of testing non-inferiority can be given by
the following null and alternative hypotheses:

Ho : 8 + Opyrgin SO VersusHy : 6 + 8y >0, (1)

where 0 margin is known as the non-inferiority margin
and is fixed at a pre-specified value in advance of
conducting a trial. When 8 pargin>0, the rejection of the
null hypothesis indicates the non-inferiority of the test
treatment against the control. On the other hand, when
8 margin<0, the rejection of the null hypothesis indicates
the superiority of the test treatment over the control.

For large n;, under the null hypothesis, the statistic
T=7,— fig+ faargin i5 assumed to be normally distributed
with 6+ 0 margin and variance 1% T~ N[6+ 8 fuargin:
2], where T*=m)(1—m)/n;+mo(1 —n)/ne. The null
hypothesis will be rejected at the « level of significance if
T satisfies

T>—2z,71, (2)

where z, is the lower xth percentile of the stan-
dard normal distribution and @®(z,) = Pr(Z=z,) =
J*, F=exp(—7/2)dz = o, where Z is the standard
nomally distributed random variable, If this event (7>
—2,7) occurring is denoted as Cy', then under the
alternative hypothesis when specifying & as 6*=n) —ng
in (1), Hi: 6" +0%agn>0, the power for the test of
hypotheses (1) is approximately

i 8" +o .
Pr(cf"|6" + 6w) = @[z, +—12E] =1-§

(€)
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where B is the type I error. The above probability is often
referred to as ‘classical power’, but in this paper we call it
the ‘Neyman—Pearson (NP) power’. For n, =ny, the sample
size per group needed for achieving power 1—6, n™" (NP
sample size), is given by the following [12]:

N = -—(Z’H—ﬂ)z)z[n:(l - :r:) - :r;(l — ﬂ';)}

™ *
(6 + 0 g
(4)
3. Bayesian probabilities

3.1. The hybrid Neyman—Pearson—Bayesian probability

Let Opmargin be a parameter for the non-inferiority
margin and suppose we have a normal prior 6+ 6margin ~
N[é*+6‘ , 05 Taking the variation of O+ 8 s
into account, the probability of obtaining a ‘significant’
result in the Neyman—Pearson context when testing the
null hypothesis 5+ margin <0, Pr(Ch") is given by

Pr(CYP) = o z,t+6t+6;.m-n
¥ =@ |—.
* Vi + 12

This probability is often called the ‘expected power’
[13] or ‘strength’ [14], but in this paper is called the
‘hybrid Neyman—Pearson—Bayesian (hNPB) probabil-
ity’. The hNPB probability can be obtained by inte-
grating (3) with respect to the prior, or by evaluating
the chance of the critical event (3) occurring via the
predictive distribution for the statistic 7 [4]. As a3 —0,
the prior tends to a lump on 6* +8hagin and Pr(CY")
tends to the NP power. Whenogand-:}arebothnon-
Pr(C) is always smaller than Pr(CYTI6* +8 "),
In this way, the hNPB probability formula allows us to
take account of an available prior and to critically evaluate
the NP power formula.

(5)

3.2. The conditionally Bayesian probability

Unlike the hNPB probability, for which the Ney-
man—Pearson critical region is utilized, we now wish to
carry out a fully Bayesian design, analysis, interpreta-
tion and report, in which the prior is explicitly
incorporated. Given the data, it is possible to calculate
the probability of obtaining a ‘significant’ Bayesian
result when testing the null hypothesis 6+6.,..,.,..$0
We shall denote such ‘Bayesian significance’ as C2=
Pr(8 + dimargin < Oldata) <a.

Suppose we have the same normal prior &+ dmargin ~
N[6% +8 argins 03] and likelihood 7'~ N[8+ Gpmargin, T

as in Section 2, The posterior distribution is obtained as
8% +8 g
d+48 |T~N - +€; ]+1 (6)
margin ﬁ D ‘l!! B 0‘5 t—z‘ '

and C? will occur when T satisfies
1 1\ 2
T>—z,(%+t—2) (12 3 )0—3. ™

Hence C5 will occur with probability

Pr(C216° + Spuga)
1 1\"? 8" + 0 (?
=¢|:ZE(FU+§) ‘F+—t—-(;g+l) ;

In this paper this probability is called the ‘condition-
ally Bayesian (cB) probablhty With an mcreasmgly
vague prior opinion, o2 —= and PHCZ|6" +6w)
approaches the NP power given by (3).

3.3. The unconditionally Bayesian probability

The probability of obtaining a ‘significant’ Bayesian
rcsult, not conditional on the pre-specification of o+
& margin» 15 obtained by allowing Pr(C5(6" + 6 argin) t0
vary and integrating (8) with respect to the prior, yielding

Pr(c3)

(9)

Here this probability is called the ‘unconditionally
Bayesian (uB) probability.

4. Sample size calculations

4.1. Example: a non-inferiority trial for granisetron
I mgto 3 mg

A randomized, double-masked, controlled trial of
two intravenous doses of granisetron (1 mg vs. 3 mg) for
the prophylaxis of chemotherapy-induced nausea and
vomiting in cancer patients is now planned. The main
objective is to investigate the non-inferiority of 1 mg of
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Table 1

The NP sample size n°" and the hNPB sample size n"™"® for §*=—0.075, —0.05, and 0

5 r o " MR

y=0.05 y=0.01 ¥=0.001 y=10"% y=107" y=10"%

-0.075 0.025 0.1 1923 16,093 4568 3822 3052 2094 2019
0.075 0.15 3310 27,703 7862 6579 5254 3603 3476
0.125 02 4529 37,903 10,757 9001 7188 4930 4755
0.175 0.25 5580 46,692 13,252 11,089 8856 6074 5858
0.225 0.3 6463 54,070 15,348 12,843 10,256 7034 6785
0275 0.35 7177 60,065 17,046 14,264 11,391 7812 7535
0.325 04 7723 64,650 18,345 15,350 12,258 8407 8109
0.375 0.45 8102 67,796 19,242 16,101 12,858 8819 8506
0.425 0.5 8312 69,560 19,741 16,519 13,192 9047 8727
0475 0.55 8354 69,912 19,841 16,603 13,258 9093 8771
0.525 0.6 8228 68,854 19,542 16,352 13,058 8956 8638
0.575 0.65 7934 66,386 18,842 15,767 12,591 8636 8329
0.625 0.7 7471 62,534 17,746 14,849 11,858 8133 7844
0.675 0.75 6841 57,244 16,247 13,595 10,857 7446 7182
0.725 08 6042 50,571 14,351 12,009 9590 6577 6344
0.775 0.85 5076 42,460 12,053 10,086 8055 5525 5329
0.825 0.9 3941 32,966 9358 7831 6254 4289 4137
0.875 0.95 2638 22,061 6264 5242 4186 2871 2769

-0.05 0.05 0.1 578 4836 1373 1149 918 630 607
0.1 0.15 915 7630 2170 1816 1451 995 960
0.15 0.2 1209 10,098 2869 2401 1918 1316 1269
0.2 025 1461 12,214 3469 2903 2318 1590 1534
0.25 03 1671 13,977 3968 3321 2652 1819 1755
03 035 1839 15,388 4368 3655 2919 2002 1931
0.35 0.4 1965 16,446 4668 3906 3119 2139 2063
0.4 0.45 2049 17,151 4867 4073 3253 2231 2152
0.45 05 2091 17,504 4967 4156 3319 2277 2196
0.5 0.55 2091 17,504 4967 4156 3319 2277 2196
0.55 0.6 2049 17,151 4867 4073 3253 2231 2152
0.6 0.65 1965 16,446 4668 3906 3119 2139 2063
0.65 0.7 1839 15,388 4368 3655 2919 2002 1931
0.7 0.75 1671 13,977 3968 3321 2652 1819 1755
0.75 08 1461 12,214 3469 2903 2318 1590 1534
0.8 0.85 1209 10,098 2869 2401 1918 1316 1269
0.85 0.9 915 7630 2170 1816 1451 995 960
0.9 0.95 578 4836 1373 1149 918 630 607

0 0.05 0.05 100 831 237 199 159 109 105
0.1 0.1 190 1560 448 375 300 206 199
0.15 0.15 268 242 637 533 426 292 282
0.2 0.2 337 2794 797 668 534 366 353
0.25 0.25 395 3272 934 782 625 429 414
03 03 442 3676 1047 877 700 481 464
0.35 035 479 3978 1134 949 759 521 502
04 04 505 4205 1197 1002 801 549 530
0.45 045 521 4330 1234 1033 825 567 547
05 05 526 4381 1247 1044 834 572 552
0.55 0.55 521 4330 1234 1033 825 567 547
0.6 06 505 4205 1197 1002 801 549 530
0.65 0.65 479 3978 1134 949 759 521 502
0.7 0.7 442 3676 1047 877 700 481 464
0.75 0.75 395 32m 934 782 625 429 414
0.8 0.8 317 2794 797 668 534 366 353
0.85 0.85 268 2242 637 533 426 292 282
0.9 0.9 190 1560 448 375 300 206 199
0.95 0.95 100 831 237 199 159 109 105
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granisetron compared to 3 mg in its efficacy for treating
chemotherapy-induced nausea and vomiting, and thus
the primary endpoint is complete control of a nausea/

5n

vomiting-related event. No significant differences in
efficacy between the doses have been reported in [15],
and none of the investigators taking part in the trial raise

Table 2

The NP sample size n™" and the hNPB sample size /"B for §*=0.05, 0.1, and 0.15

A* xf 0 P phire

y=0.05 7=0.01 7=0.001 y=10"° y=10"" y=10"%

0.05 0.1 0.05 65 517 151 127 102 70 68
0.15 0.1 102 839 241 202 161 1 107
0.2 0.15 135 1104 kL 266 213 147 141
0.25 0.2 163 1339 384 322 258 177 17
03 0.25 186 1544 441 369 295 203 195
035 03 205 1692 484 406 324 223 215
0.4 0.35 219 1810 517 433 346 238 230
0.45 0.4 228 1897 540 452 362 248 240
0.5 0.45 233 1927 551 461 369 253 244
0.55 0.5 233 1927 551 461 369 253 244
0.6 0.55 228 1897 540 452 362 248 240
0.65 0.6 219 1810 517 433 346 238 230
0.7 0.65 205 1692 484 406 324 223 215
0.75 0.7 186 1544 441 369 295 203 195
0.8 0.75 163 1339 384 322 258 177 171
0.85 0.8 135 1104 318 266 213 147 141
09 0.85 102 839 241 202 161 111 107
0.95 0.9 65 517 151 127 102 70 68

0.1 0.15 0.05 46 384 110 922 73 51 49
02 0.1 66 541 156 131 104 72 69
0.25 0.15 83 686 196 165 132 91 87
03 02 98 792 229 192 154 106 103
0.35 0.25 110 BR7 257 216 173 119 115
04 03 119 969 279 234 188 129 125
045 0.35 125 1039 296 248 198 136 131
05 04 129 1070 306 256 205 141 136
0.55 0.45 131 1063 307 257 206 142 137
0.6 0.5 129 1070 306 256 205 141 136
0.65 0.55 125 1039 296 248 198 136 131
0.7 0.6 119 969 279 234 188 129 125
0.75 0.65 110 887 257 216 173 119 115
0.8 0.7 98 792 229 192 154 106 103
0.85 0.75 83 686 196 165 132 91 87
09 0.8 66 541 156 131 104 72 69
0.95 0.85 46 384 110 92 73 51 49

0.15 02 0.05 35 289 83 70 56 38 37
0.25 0.1 47 382 111 93 74 51 49
03 0.15 57 468 135 113 90 62 60
0.35 0.2 66 523 153 129 103 71 69
0.4 0.25 72 599 171 143 114 79 76
0.45 03 77 642 183 153 123 84 81
0.5 0.35 81 653 189 159 127 B8 RS
0.55 0.4 82 685 195 163 131 90 87
0.6 0.45 B2 685 195 163 131 %0 87
0.65 0.5 81 653 189 159 127 88 85
0.7 0.55 77 642 183 153 123 B4 g1
0.75 0.6 72 599 171 143 114 79 76
0.8 0.65 66 523 153 129 103 3! 69
0.85 0.7 57 468 135 113 90 62 60
09 0.75 47 382 111 93 74 51 49
0.95 08 35 289 83 70 56 8 37
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Table 3

The cB sample size n*® and the uB sample size n*® for §*=—0.075, —0.05, and 0

a* xt s nt

y=0.10  y=005  y=00! ¥=0.001 y=0.10 y=005  y=0.0! 7=0.001

-0075 0025 0.1 1492 1194 1 1 >100,000 12,086 1 1
0075 015 2567 2054 1 1 >100,000 20,805 1 1
0.125 02 3513 2810 1 1 >100,000 28,465 1 1
0175 025 4327 3462 1 1 >100,000 35,064 1 1
0225 03 5012 4010 1 1 >100,000 40,604 1 1
0275 035 5566 4453 1 1 >100,000 45,109 1 1
0325 04 5990 4793 1 | >100,000 48,554 1 1
0375 045 6283 5027 1 1 >100,000 50913 1 1
0425 05 6446 5157 1 1 >100,000 52,238 1 1
0475 055 6479 5184 1 1 >100,000 52,503 1 1
0525 06 6381 5105 1 1 >100,000 51,708 1 1
0575 065 6153 4923 1 1 >100,000 49,853 1 |
0625 0.7 5794 4636 1 1 >100,000 46,964 1 1
0675 075 5305 4245 1 1 >100,000 42,989 1 1
0725 08 4686 3749 1 1 >100,000 37,979 1 1
0775 085 3936 3149 1 1 >100,000 31,884 1 1
0825 09 3056 2445 1 1 >100,000 24,755 1 1
0875 095 2046 1637 1 1 >100,000 16,565 1 1

~0.50 0.05 01 449 359 1 1 >100,000 3631 1 1
0.1 0.15 709 567 1 1 >100,000 5726 1 1
0.15 02 937 750 1 1 >100,000 7581 1 1
02 025 1133 907 1 1 > 100,000 9171 1 1
0.25 0.3 1296 1037 1 1 >100,000 10,496 1 1
03 0.35 1427 1141 1 1 >100,000 11,556 1 1
0.35 04 1524 1220 1 1 >100,000 12,351 1 1
0.4 045 1590 1272 1 1 >100,000 12,881 1 1
0.45 0.5 1622 1298 1 1 >100,000 13,146 1 1
05 0.55 1622 1298 1 1 >100,000 13,146 1 1
0.55 0.6 1590 1272 1 1 >100,000 12,881 1 1
06 065 1524 1220 1 1 >100,000 12,351 1 1
0.65 0.7 1427 1141 1 1 >100,000 11,556 1 1
0.7 0.75 1296 1037 1 | >100,000 10,496 1 1
0.75 08 1133 907 1 1 >100,000 9171 1 1
08 0.85 937 750 1 1 >100,000 7581 1 1
085 09 709 567 1 1 >100,000 5726 1 1
09 0.95 449 359 1 1 >100,000 3631 1 1

0 0.05 0.05 78 62 1 1 > 100,000 624 1 1
0.1 0.1 147 118 1 1 >100,000 1168 1 1
0.15 0.15 208 167 1 1 >100,000 1683 1 1
0.2 0.2 261 209 1 1 >100,000 2095 1 1
0.25 025 306 245 1 1 >100,000 2453 1 1
03 03 343 274 1 1 >100,000 2758 1 1
035 035 3n 297 1 1 >100,000 2983 1 1
0.4 04 391 313 1 1 >100,000 3155 1 1
0.45 045 404 n 1 1 >100,000 3248 1 1
0.5 0.5 408 326 1 1 >100,000 3287 1 1
0.55 0.55 404 3 1 1 >100,000 3248 1 1
0.6 0.6 391 313 1 1 >100,000 3155 1 1
0.65 0.65 an 297 1 1 >100,000 2983 1 1
0.7 0.7 343 274 1 | >100,000 2758 1 1
0.75 0.75 306 245 1 1 >100,000 2453 1 1
0.8 08 261 209 1 1 >100,000 2095 1 1
0.85 0.85 208 167 1 | >100,000 1683 1 1
0.9 09 147 118 1 1 >100,000 1168 1 1
0.95 0.95 78 62 1 1 >100,000 624 1 1
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an objection against it, i.c., the investigators pre-specify
) =ng =0.75 and agree on 6*=n;"— g =0. However,
their opinions do vary conceming the non-inferiority
margin. In fact, the sample mean and variance of the
margins specified by 12 investigators are 0,125 and
0004773, respectively. We can set these values for 5°,
a;,,,w and o7 in the prior: 6*=0, 6 hugin=0.125, and
o3=0.004773. Let the sample sizes such that Pr(C'Npl
8% +0 aargin)s Pr(CYT), Pr(CE|6* + 6 hargin) and Pr(c")
exceed 0.9 0.9, be denoted by n"*, » Wm&w and n*®
respectively. Assuming equal sample sizes per group,
we can calculate #™%, 2B 2P and #"®, and these
turn out to be 253, 1256, 134 and 791, respectively. As
shown in the calculated sample sizes, n"™"?=1256, i.c.,
about five times the size of n™, is required to convince
all 12 investigators of the significant result in the NP
hypothesis testing. To convince them of the Bayesian
significance, n"®=791, about six times the size of
n“® =134, is required. Furthermore, it is noted that n*® is
about half as large as n"*®

4.2. A numerical example: from a futility viewpoint

As mentioned in the discussion of Bayesian prob-
abilities in Section 3, suppose that investigators arrive at
a consensus on 8% and 85, and that we have the
normal prior 6+ 6argi ~N{6'+6;,.,N,a'u] Then we
can take:another wiew of the variation of 6* and & argin
namely, we can consider a small value y such that

This implies that y=1-® [(8" +8pamgin)/70] and
means that the prior is centered on a pm-specnﬁed
alternative hypothesis in (1), that is, H§ and with a low
chance (say, 5%) that §+dmargin is negative. Hence we can
interpret  as quantifying the “futility’ of a trial.

Weconsidumefollowingvaluesforﬂmetypelm,mc
difference, and the margin:, «=0.025 §*=—0.075, —0.05,
0, 0.05,0.10, 0.15, and &'ugin =0.10, and calculate the NP
sample sizes (n™"), the hNPB sample sizes (nm“), the
cB sample sizes (n°®), and the uB sample sizes (1"®).
Again, n™", n"™ 8 5B and n"®, respectively are such that
Pr{C“"icS'+6‘ in)s PrCYT), PH(CE|6*+8margin) and
Pr(C%) exceed 0.9. For calculation of sample sizes based
on the hNPB probability Pr(CEN®), 9 is set at the
following values: 0.05, 0.01, 0.001, 107%, 107'%, and
107%°. For calculation of sample sizes based on both of
the cB probability Pr(CZ|6" +0 magin) and the uB
probability PH(CZ), y=0.10, 0.05, 0.01, 0.001.

In Tables 1 and 2, we present the NP sample sizes
(n"") and the hNPB sample sizes (n""~"®). In Tables 3 and

4, we present the cB sample sizes (n°®) and the uB
sample sizes (n"®).

As shown in Tables 1, 2, 3 and 4, ™", n"~"%, n®
and n"® decrease as §* becomcs Iargcr For fixed 6*, as
o becomes larger, n™", n"™F and n"® increase,
reaching their maximum around, 7o =0.5 and decrease
symmetrically. As y becomes smaller, n™"2, »°® and
n"® decreases remarkably. Tables 1 and 2 show that the
hNPB sample size n"®" tends to the NP sample size
a~F as y becomes quite small, but 2"™"® is always
larger than #™. That is, the ANPB sample size allows us
to take a conservative view of the NP sample size.

As shown in Tables 3 and 4, the cB sample size n°® is
small as compared with the corresponding NP sample
size n™"" (shown in Tables 1 and 2). This result implies
that, if we commit ourselves to a Bayesian design,
analysis, interpretation and report, and explicitly
incorporate the investigators’ opinions or evidence
from previous trials as a prior, we could considerably
save on the sample size required to obtain Bayesian
significance, as compared with the NP sample size.
However, for quite small y (y=0.01, 0.001), any trial
will necessarily lead to a significant Bayesian result, that
is, "°®=1. In this case, it is not realistic to apply the cB
probability to the sample size calculation. Like the cB
sample size, for quite small (y=0.01, 0.001), the uB
sample size tumns out to be n"® =1, whereas for large
¥ (y=0.10), it is so large as to be impractical.

5. Discussion

In a non-inferiority trial, the margin, as well as the
true difference to be detected between the two groups
that has clinical meaning, or the altemnative hypothesis
in the context of Neyman—Pearson (NP) hypothesis
testing, needs to be discussed and pre-specified, but it
often happens that investigators taking part in the trial
have different opinions as to what these pre-specified
values should be. Therefore, for the purpose of taking
this variation of the margin and/or the difference into
consideration, in this article, we have presented the
hybrid Neyman-—Pearson—Bayesian (hnNPB) probability,
the conditionally Bayesian (cB) probability and the
unconditionally Bayesian (uB) probability, and have
considered a sample size calculation for a non-
inferiority test of two independent binomial proportions
in a clinical trial, based on these probabilities. The
proposed approach here can be applied to other types of
endpoint such as the hazard ratio and the odds ratio as
well as values of a continuous variable since it is based
on large-sample approximation and the conjugate
normal analysis.
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Table 4

The ¢B sample size ™ and the uB sample size n°® for 5°=0.05, 0.1, and 0.15

A* al ng n® n®

¥=0.10 y=0.05 y=0.01 y=0.001 y=0.10 =005 y=0.01 ¥=0.001

0.05 0.1 0.05 50 40 1 1 >100,000 385 1 |
0.15 0.1 79 63 1 1 >100,000 628 1 1
0.2 0.15 104 84 1 1 >100,000 826 1 1
025 0.2 126 101 1 1 >100,000 1003 1 1
03 0.25 144 116 1 1 >100,000 1158 1 1
0.35 0.3 159 127 1 1 =>100,000 1268 1 1
04 0.35 170 136 1 1 >100,000 1356 1 1
045 0.4 177 142 1 1 > 100,000 1423 1 1
0.5 0.45 181 144 1 1 >100,000 1444 | 1
0.55 0.5 181 144 1 1 >100,000 1444 1 |
06 0.55 177 142 1 1 > 100,000 1423 1 1
0.65 0.6 170 136 1 1 >100,000 1356 1 1
0.7 0.65 159 127 1 1 >100,000 1268 1 1
0.75 0.7 144 116 1 1 >100,000 1158 1 1
08 0.75 126 101 1 1 >100,000 1003 1 1
0.85 0.8 104 84 1 | >100,000 826 1 1
09 0.85 79 63 1 1 >100,000 628 1 1
0.95 0.9 50 40 1 1 >100,000 385 1 1

0.1 0.15 0.05 36 29 1 1 >100,000 289 1 1
02 0.1 51 41 1 1 >100,000 405 1 1
0.25 0.15 65 52 1 1 >100,000 514 1 1
03 0.2 76 60 | 1 >100,000 591 1 1
035 0.25 85 68 1 1 >100,000 661 1 1
04 0.3 2 74 1 1 =>100,000 724 1 1
045 0.35 97 78 1 1 =>100,000 779 1 1
0.5 0.4 100 80 1 1 > 100,000 803 1 1
0.55 0.45 101 81 1 1 >100,000 794 1 |
0.6 0.5 100 80 1 1 >100,000 803 1 |
0.65 0.55 97 78 1 1 >100,000 779 1 |
0.7 0.6 92 74 1 1 >100,000 724 1 1
0.75 0.65 85 68 1 1 > 100,000 661 1 1
08 0.7 76 60 1 1 =>100,000 591 1 1
0.85 0.75 65 52 1 1 >100,000 514 1 1
0.9 0.8 51 41 1 1 >100,000 405 | 1
0.95 0.85 36 29 1 1 >100,000 289 | 1

0.15 0.2 0.05 28 2 1 1 > 100,000 245 | 1
0.25 0.1 37 29 1 1 >100,000 iz 1 1
03 0.15 44 36 1 1 > 100,000 396 | 1
0.35 0.2 51 41 1 1 >100,000 439 | 1
04 0.25 56 45 1 1 >100,000 508 1 1
0.45 03 60 48 1 1 > 100,000 545 1 1
0.5 035 63 50 1 1 >100,000 550 1 1
0.55 0.4 64 51 1 1 >100,000 582 1 1
0.6 045 64 51 1 1 >100,000 582 1 1
0.65 0.5 63 50 | 1 >100,000 550 1 1
0.7 0.55 60 48 1 1 >100,000 545 1 1
0.75 0.6 56 as 1 1 >100,000 508 1 1
0.8 0.65 51 41 1 1 >100,000 439 1 1
0.85 0.7 44 36 1 1 > 100,000 396 1 1
0.9 0.75 37 29 1 1 >100,000 22 1 1
0.95 0.8 28 2 1 1 >100,000 245 i 1

We showed that the calculated sample sizes changed
dramatically depending on the three probabilitics. In
other words, this result implies that the sample size
required to answer a research question could be
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changed, depending on whether investigators' differing
apinions on appropriate values for the margin and the
difference are explicitly considered or not in the design
of the non-inferiority clinical trial. Furthermore, the
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selection of three probabilities has impacts upon the
analysis, interpretation and report as well as the sample
size calculations. So it would be worthwhile to try the
sample size calculations based on all three probabilities.
In particular, we might expect the hNPB and cB
probabilities to be applied in some situations; for
example, the former can be used to critically evaluate
the NP power, and the latter enables us to reduce the NP
sample size required for a trial if we intend to do a fully
Bayesian analysis, interpretation and report. However, it
is noted that both the ¢cB and uB probabilities vary
remarkably according to the prior variance or the futility,
Such a tendency for the ‘strength’ of a prior is a well-
known weak point in applying a Bayesian approach to
the design. In other situations, for example, if a chief
investigator won over all other investigators, we might
advise him to use the largest of the sample sizes
calculated based on the three probabilities.

However, it is obvious that the determination
regarding which probability (or sample size) is best
differs per situation or trial's goal. In principle we
recommend using the three probabilities for the sample
size calculation and making compensation for the NP
power, rather than ranking these probabilities and the
NP power. It will be helpful to perform some more
simulations if the investigators select the best sample
S1Ze.

In the proposed approach, we adopt a normal prior
centered on the alternative hypothesis that is used in
Neyman—Pearson hypothesis testing, and change the
prior variance or futility. In particular, the elicitation of
the prior in an example shown in Section 4.1 follows the
methodology shown in [16]. As a matter of course, the
appropriateness for the prior needs to be checked, and if
it is not reliable, appropriate priors, e.g., a Beta prior and
a log-normal prior, will need to be assumed for the
margin and/or difference. This issue is beyond the scope
of this article.

Furthermore, we have used an identical « for both of
the Neyman—Pearson and Bayesian critical regions for
the null hypothesis, but the choice of « needs to be
discussed, based on the philosophy concerning statis-
tical inference in cach of the Neyman-Pearson and
Bayesian schools.
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Appendix A. List of abbreviations and symbols

cB Conditionally Bayesian.

hNPB Hybrid Neyman—Pearson—Bayesian.

NP Neyman—Pearson.

uB Unconditionally Bayesian.

Pr(®) Probability.

Xy Binary response from the jth subject in the ith

treatment group.
m True proportion in the ith treatment group.
n; Sample size in the ith treatment group.
6 Difference between the two true proportions.

6:,.,,-,, Non-inferiority margin.
Sample variance.
o5 Prior variance.
Ho Null hypothesis.
H, Alternative hypothesis.
Type I error.
Type 11 error.
Futility index.
o Critical region of the null hypothesis at sig-
nificance level .

A= ==

n™*  Neyman—Pearson sample size.

n"™"®  Hybrid Neyman—Pearson—Bayesian sample
size,

n®  Conditionally Bayesian sample size.

i Unconditionally Bayesian sample size.
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