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When designing a clinical trial an appropriate justification for the sample size should be provided in the
protocol. However, there are a number of settings when undertaking a pilot trial when there is no prior
information to base a sample size on. For such pilot studies the recommendation is a sample size of 12 per
group. The justifications for this sample size are based on rationale about feasibility; precision about the
mean and variance; and regulatory considerations. The context of the justifications are that future studies
will use the information from the pilot in their design. Copyright © 2005 John Wiley & Sons, Ltd.

1. INTRODUCTION

When designing a clinical trial an appropriate
justification for the sample size should be provided
in the protocol. This justification could be based
on formal power calculations [1] or on other
considerations such as the precision of the
estimates of interest [2]. However, there are a
number of settings when designing a pilot inves-
tigation where there is no prior information upon
which to base the sample size. For example, in
phase I the study could be a bioavailability study
for a new chemical entity, while for a later phase
the study could be with a novel endpoint or in a
previously unstudied group of patients (for the
compound). In these situations the intention is
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that later more definitive studies may be carried
out and the recommendation would be a sample
size of 12 per group as being appropriate.

The fact that future investigations are (or may
be) planned is important, for no study is an island
[3], and the justifications described are in this
context. Three reasons for justifying a sample size
of 12 per group will be given based on: feasibility;
gains in the precision about the mean and
variance; and regulatory considerations.

The assumption through the paper is that the
endpoint of interest is anticipated to take a
Normal form.

2. RATIONALE

2.1. Reason 1: Feasibility

In the design of a parallel group trial a sample size
of 12 per group is a good round number. It is
divisible by 2, 3, 4 and 6 and so facilitates the
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setting of a variety of block sizes. You could have
block sizes of 2, 3, 4, 6, 8 or 12 (or even 24) if you
had two groups and a total sample size of 24.

For multi-period cross-over investigations, com-
mon with early phase I investigations, with a total
sample size of 12 you could have 2, 3, 4 and 6 (or
even 12) period cross-over trials with balanced
Williams squares designs [4]. For a 5 period cross-
over trial you need a sample size that is a divisible
by 10, and so feasibility here may reduce the
sample size to 10.

2.2. Reason 2: Precision about the mean and
variance

2.2.1. Precision about the mean

Obviously the greater the sample size the smaller
the standard error and as a consequence the
greater the precision about the mean difference —
as assessed by its confidence interval. A two-sided
confidence interval for a parallel group trial is
defined as

Xa — Xp * tlfoc/Z,anZ\/ES/\/’; (1

where x5 and xp are the means on treatments A
and B, s is the common variance for the two
groups and 7 is the sample size in each group. The
situation we are considering here is to assess, with
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a finite sample size, what gain in precision we have
for every unit increase in the sample size per
group. This could be assessed using the right-hand
side of (1) and the expression

H—u/2,0n-2 V2s ~ lw2204 )2 V2s

Vi Vat1

From (2) Figure | can be derived. This was
estimated assuming a unit variance (s’ = 1) and
that a two-sided 95% confidence interval would be
used in the planned trial.

The point associated with ‘4’ on the x-axis gives
the increase in precision of a sample size of over
one of 3. The point associated with 5 gives the gain
over 4, and so on. Therefore, from Figure 1 it
seems that for small sample sizes there is a marked
gain for each increase of 1 in the sample size per
group, but that the gains are less pronounced by
the point where the sample size has reached 12.
van Belle undertook similar calculations and also
recommended a sample size of 12 per group for a
pilot investigation [5].

Note that the y-axis in Figure 1 (as well as in
Figures 2 and 3), although calculated using a unit
variance, could be considered as a multiple of the
estimated standard deviation.

Equivalent to (2), the following can be used for
cross-over trials to estimate the gain in precision
for each increase in the total sample size of 1:
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Figure 1. Gain in precision for each increase of 1 in the sample size per arm for a parallel group trial.
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Figure 2. Gain in precision for each increase of 1 in the total sample size for a cross-over trial.
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where s2, is the within-subject estimate of the

variance. The degrees of freedom associated with
the z-statistic here are given assuming the trial is a
two-period cross-over study analysed using an
analysis of variance with period fitted in the
model. From (3) Figure 2 can be derived. Similar
to parallel group trials, after a sample size of 12 the
gains in precision become less pronounced.

(©)

2.2.2. Precision about the variance

As well as quantifying an estimate of possible
effect, a pilot study is important to provide an
estimate of the variance as this variance may be
used in a formal sample size calculation in a
subsequent study. One way of assessing the
precision of the variance would be to determine
the sensitivity of the future formally powered
study to the estimate of the (now assumed
unknown) variance. A high plausible value of the
variance could be used to assess the sensitivity of a
study by utilizing the degrees of freedom for the
variance estimate and the chi-squared distribution
— a detailed description of the methodologies is
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given by Julious [6]. This high plausible value
could be estimated using the upper one-tailed 95th
percentile for the variance from the formula
$2(95) < ;L s 4)
20.95,df

where s? is estimated in the pilot study and df is the
degrees of freedom for s> from this study [6]. The
value of df'is directly related to the sample size in
the study.

What is therefore required from a pilot study is
a sample size sufficiently large to have appropriate
degrees of freedom for s° in a sensitivity analysis in
the future study.

The process in the formal sample size calcula-
tion in the future study would be as follows:

1. Obtain an estimate of the variance (s°) from
your pilot study.

2. Calculate the sample size from this variance.

3. With this sample size determine what would be
the sensitivity of the study to the assumptions
about the variance. This is assessed as a loss in
power, to a high plausible value for s* taken
from (4).

Similar to (2) and (3), from (4) the following
could be used to assess the gain in precision

Pharmaceut. Statist. 2005; 4: 287-291



290 S.A. Julious

0.8 1

0.7

Pharmaceutical
STATISTICS

0.6 \
0.5

R

Gain in Precision about the
Variance

0.3
SR
0.1 \\
0 T T T T
6 8 10 12 14

16

18 20

Degrees of Freedom

Figure 3. Gain in precision for each increase of 1 in the degrees of freedom.

around the variance for each gain in the degrees of
freedom,
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and from (5) Figure 3 can be constructed. In
Figure 3 the asymptote seems to appear when the
degrees of freedom exceeds around 20.

Another way to utilize (4) is to consider, if a
study was designed with 90% power, what degrees
of freedom would be required to ensure that you
would have at least 50% power, even with a high
plausible value for the variance (as assessed
through the 95th percentile) from a sensitivity
analysis. With this reasoning Table I was con-
structed. Note that 50% power is taken due to the
small sample sizes of the pilot investigation.

Table I can only be taken as a rough guide and
not a generic recommendation. For the super-
iority, non-inferiority and equivalence studies the
assumption is that the future study will be a
parallel group study, whilst for the bioequivalence
the assumption is that the design will be a cross-
over. For the non-inferiority, equivalence and
bioequivalence studies the assumption is that a
future study will be designed assuming no true
difference between treatments. Obviously this table
will not hold if the assumptions for future studies
are different from those assumed in the table.
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Table I. Degrees if freedom required to ensure the 95th
percentile for the variance has 50% power.

Type of trial Degrees of freedom

Superiority 9
Non-inferiority 9
Equivalence 20
Bioequivalence 16

Table I is quite informative. For equivalence
and bioequivalence studies it seems that greater
degrees of freedom are required. However, for a
bioequivalence study you could imagine the
variance to be estimated from a multi-period trial
— for example, a three-period, three-treatment
study with 12 subjects in total would be antici-
pated to have 20 degrees of freedom for the
residual error. For an equivalence trial you could
similarly imagine the variance to be estimated
from a parallel group trial (with 12 per arm).
Hence, the requisite degrees of freedom for Table I
you could suppose to be attainable.

Consistent with Table I other work by Birkett
and Day on internal pilots is of interest [7]. These
authors recommend a minimum of 20 degrees of
freedom for the variance. The situation of internal
pilots could be considered to be analogous to the
situation of a pilot study internal to a wider
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development plan and so this work could be borne
in mind.

2.3. Reason 3: Regulatory considerations

For general guidance for a sample size calculation
ICH simply states [8]: “The number of subjects in
a clinical trial should always be large enough
to provide a reliable answer to the questions
addressed. This number is usually determined by
the primary objective of the trial. If the sample size
is determined on some other basis, then this should
be made clear and justified.” Hence if a study is a
pilot with the sample size based on feasibility
it should be expressly stated as such in the
protocol. If based on feasibility you may wish
to calculate the precision for the confidence
interval(s) around the primary endpoint(s) and
include this as part of the justification for the
sample size [1, 2].

For pilot bioavailability and food investigations
there is some regulatory justification for choosing a
sample size of 12 — justification that could be
extended to other types of phase I studies. For food
effect studies FDA Guidance states [9]: ‘A minimum
of 12 subjects should complete the food-effect BA
and fed BE studies’, hence, that you should over-
recruit to ensure you have 12 subjects for the
assessment of food effect studies. Similarly, for
assessing bioavailability and bio-equivalence FDA
Guidance states [10]: ‘A minimum number of 12
evaluable subjects should be included in any BE
study’. However, the most interesting justification
comes in general considerations guidelines on bioa-
vailability/bioequivalance from the FDA [11]: “If the
sponsor chooses, a pilot study in a small number of
subjects can be carried out before proceeding with a
full BE study. The study can be used to validate
analytical methodology, assess variability, optimize
sample collection time intervals, and provide other
information. ... A pilot study that documents BE
can be appropriate, provided its design and execution
are suitable and a sufficient number of subjects (e.g.,
12) have completed the study.’

Copyright © 2005 John Wiley & Sons, Ltd.
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3. DISCUSSION

In this paper rationales have been given as to an
appropriate sample size for a pilot investigation. The
justification was centred on both feasibility and the
precision around the estimates to be used to design
future studies. It is recommended that a minimum 12
subjects per group be considered for pilot studies.
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