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Standard 4: Determining Adequate Sample Sizes

DILEMMA

There are many challenges to be faced when conducting randomized
controlled trials (RCTs) in pediatric research. One important challenge
is the determination of an appropriate sample size. Recruiting more
children than necessary risks unnecessary overexposure of children to
an inferior treatment, whereas underestimating the sample required
will lead to inconclusive or unreliable results. Both options pose im-
portant ethical dilemmas for the pediatric researcher.

Reviews have concluded that sample size calculations are frequently
based on inaccurate assumptions regarding the key pieces of informa-
tion needed."? For example, a recent “failed” pediatric RCT highlighted
the commonly encountered problem of underestimating the SD of a
continuous primary outcome variable.3 This leads to underestimation of
the necessary sample size, inadequate statistical power, and, conse-
quently, an unanswered study question. Similarly, an incorrect estimation
of the frequency with which a dichotomous outcome, or event, occurs in
the control group of a trial (known as the control or baseline event rate)
will also lead to incorrect sample size estimation. This standards article
uses a series of scenarios to assist pediatric researchers in not only
determining an adequate trial sample size but also how to proceed when
this sample size may be difficult to achieve. Recommendations for
practice are summarized in Table 1.

GUIDANCE

Methods to calculate adequate sample sizes are described for supe-
riority, noninferiority, and cluster-randomized trials with various types
of primary outcome variables, including continuous, dichotomous, or
time-to-event data.#-'0 In this article, we focus primarily on superiority
trial designs with continuous or dichotomous outcomes. Informa-
tion on noninferiority or equivalence designs, as well as on cluster-
randomized designs, can be found in the literature.8° RCTs generally
have many outcomes of interest, but the number of patients required
(and the main statistical analysis) should be based on the primary
outcome.

A sample size calculation for a standard (2-sided, superiority) RCT is
based on 3 values. First, one must specify the target difference be-
tween the outcomes for those children who received the new treatment
compared with those who did not, based on what is judged clinically
relevant or meaningful. Next, one must specify the level of risk one is
willing to take that, by chance, the trial will erroneously conclude
a clinically relevant difference in the primary outcome. This is known as
the type | error rate or « (the probability of a false-positive conclusion).
Finally, one must specify the probability that the trial will correctly
detect a difference in the primary outcome between the control and
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TABLE 1 Recommendations for Practice

e Sample size calculation is a matter of Good Clinical Practice in the design phase of an RCT
o When previous information is available from similar pediatric populations, sample size calculation can be

performed using standard methods or software

o When the only previous information is from adult or other pediatric populations or when no previous
information is available, alternative methods should be considered

o Parameter values used for the sample size calculation (eg, type | error, power, SD, control event rate,
expected treatment difference) should be clearly mentioned in the final trial report

o Good follow-up procedures are essential so children are not lost to follow up

o Always consult a statistician or methodologist about the sample size calculation during the planning phase

of a trial

the new intervention if the true differ-
ence is the size of the target difference.
This is known as the statistical power
(the probability of a true positive con-
clusion). Conventional values for @ and
power are .05 (or 5%) and 80% to 90%,
respectively. Requiring a smaller prob-
ability of a type | error, larger power, or
smaller clinically relevant difference
will increase the necessary sample size.
A smaller value for a may be appro-
priate to reduce the chance of a false-
positive conclusion when an effective
standard therapy is tested against
a new, competing treatment. A higher
power could be considered if, in com-
paring treatments to prevent a common
disease, one would not miss a safe, in-
expensive, possibly effective treat-
ment."

To make a sample size calculation, so-
called nuisance parameters also need
to be estimated. In statistics, a nuisance
parameter is any parameter which is
not of immediate interest but that must
be accounted for in the analysis of
those parameters which are of interest.
For example, for continuous outcomes,
such as blood pressure or duration of
mechanical ventilation, an estimate of
the SD is needed. For dichotomous out-
comes, such as dead/alive, an accurate
estimate ofthe control or baseline event
rate is needed. To estimate the values
for these nuisance parameters, infor-
mation is needed from comparable
previous studies. Ideally, such studies
would have included similar populations
of children; however, this is often not the
case.
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The following scenarios describe sit-
uations that may be encountered when
determining sample size for a pediatric
clinical trial and possible approaches.
The overall approach is summarized
in Fig 1.

SCENARIO 1

You already have the required infor-
mation from other similar pediatric
populations. How do you calculate the
required sample size for your new
trial?

Possible Approaches

Ifinformationis available from previous
studies for a reliable estimate of the
nuisance parameters, then a standard
sample size calculation can be made
based on whatever clinically meaning-
ful difference is considered important
to detect. This can be done by using
methods previously described*-'0 or
using readily available software.

Example 1

There have been 2 previous small trials
of corticosteroids to treat respiratory
syncytial virus (RSV) lower respiratory
tract infections in young children, but
more evidence is needed. These 2 trials
found similar reductions inthe primary
outcome (ie, hours of mechanical ven-
tilation required). Thus, a possible ap-
proach would be to calculate the SD
estimate based on the average SD from
these 2 trials. In this case, the average
SD from the 2 trials was 84 hours.
A reduction of 36 hours’ ventilation
with corticosteroid treatment compared

SUPPLEMENT ARTICLE

with placebo is considered clinically rel-
evant. Assuming a 2-sided type | error of
.05 (5%) and power of 80%, by entering
these numbers into a standard sample
size software package, it can be deter-
mined that the minimum required sam-
ple size for a new trial would be 86
children in each arm.

If information is available from several
comparable (but often small) RCTs or
subgroups within RCTs, these can be
combined in a more systematic and
qguantitative way, known as meta-
analysis, to obtain an estimate of a nui-
sance parameter.'2-* Anyone planning
to conduct a new trial should first un-
dertake a thorough review of the avail-
able literature (known as a systematic
review).'2 The information from the
identified studies can be entered into
readily available meta-analysis soft-
ware to obtain estimates of various
nuisance parameters.'> These parame-
ters are obtained by looking at the event
rate for the combined control groups
for dichotomous outcomes or the SD for
the combined control groups for con-
tinuous outcomes. If the evidence is
limited, such as in Example 1 with the 2
small trials, one might be more con-
servative and take a higher value than
just the average. It is further recom-
mend to examine how sensitive the
sample size is to variation in the nui-
sance parameter.'6

Example 2

For decades, methylxanthines (eg, caf-
feine, theophylline, aminophylline) have
been commonly given to preterm
infants to reduce their rates of apnea.
In 2001, a systematic review indicated
that this treatment had only been
assessed in 5 small trials with a total of
192 randomized infants.!” Using this in-
formation, a group of pediatric trialists
estimated that the number of infants
needed to be randomized to provide
definitive evidence of both long- and
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Estimating Nuisance Parameters

Is information available from previous
studies for a reliable estimate of the
clinically meaningful difference in the
primary outcome?

Scenario 1: Options

+—YES —

NO

'

Is reliable information available from either
other pediatric (eg, older children) or adult
populations? Is reliable information
available from a similar condition?

\

A standard sample size calculation can be
made using mathematical formulas or
readily available software.

. YES —

NO

v

Scenario 3: Options

* Do an “internal pilot” with small sample
and use its resultant nuisance parameters to
estimate sample size needed for entire trial.
* Compute a sample size based on effect
size.

NO

Scenario 2: Options

* Make the sample size calculation using
the estimated nuisance parameters from
the similar studies.

» Use Bayesian methods to incorporate
prior information and/or expert opinion as
“pseudo-information” in your new trial.

Recruitment Problems

Once you have computed your sample
size, is there going to be problems in
recruiting the required number of
participants (eg, rate disease, limited
recruitment potential, ethical issues)?

T
YES

Proceed with trial.

l

Scenario 4: Options

 Use an alternative study design such as
cross-over or repeated measures.

* Perform a meta-analysis of N of 1 trials.
« Use a sequential design.

« Perform a prospective meta-analysis.

« Perform a trial using an adaptive design.

FIGURE 1
Determining sample size.

short-term benefits (and potential
harms) would be ~2000. This finding
was based on an estimate of the base-
line event rate of death or neurodevel-
opment disability (the primary outcome)
of 20% and having 80% power to detect
a 25% relative reduction in the risk of
this outcome. A multicenter interna-
tional trial subsequently randomized
2006 infants to treatment and dem-
onstrated conclusively that caffeine
compared with placebo significantly
reduced the risk of death or disability in
preterm infants.18
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SCENARIO 2

The only previous information you have
is from either adult populations or pe-
diatric populations that differ from your
group of interest. How do you calculate
the required sample size for your new
trial?

Possible Approaches

In this scenario, the most common
available sources of nuisance esti-
mates are studies of similar design
evaluating similar treatments, even

if the population studied differs from
the type of children you are interested
in. The 2 examples that follow here
show how information obtained from
either other pediatric populations (Ex-
ample 3) or adults (Example 4) can in-
form a sample size calculation for a
new trial.

Example 3

Following onfrom Example 1,you wishto
investigate, in a placebo-controlled trial,
whether dexamethasone is effective in
reducing the duration of mechanical
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ventilation in children aged <24 months
with severe RSV lower respiratory tract
infections. The best available data are
from a trial published 6 years ago that
used a different type of corticosteroid
and included children admitted to the
hospital with RSV bronchiolitis (both
ventilated and nonventilated children).
Based on data of a subgroup of venti-
lated children from this trial, the SD was
estimated as 98 hours. By using these
estimates, if you designed a new trial with
80% power and a 2-sided « of .05, you
would need to recruit, at minimum, 117
children to each arm of the trial to detect
a difference of 36 ventilation hours.

Example 4

Ginger therapy has been effective in re-
ducing chemotherapy-induced nausea
and vomiting (CINV) in adults. However,
no data were available regarding the
antiemetic efficacy of ginger in pediatric
patients receiving chemotherapy. A new
trial is planned starting with the adult
information, which showed a CINV rate
ranging from 30% to 90%.'8 If a relative
reduction in the rate of CINV of 20% is
considered clinically relevant (this is
another assumption, which may vary
because the participants are children
rather than adults), and a type | error
of .05 and power of 80% is assumed,
the sample size calculation will depend
greatly on the control event rate. If a
control event rate of 60% is assumed
(approximately the middle of the 30%—
90% range found in adults), then a new
trial would require at least 267 patients in
each arm. However, if the maximal con-
trol event rate found in adults (90%) is
assumed, the new pediatric trial would
require only 71 patients per arm.

Another way of addressing the issue of
using information from adult or other
pediatric populations is to take a Bayes-
ian approach.20-22 This approach incor-
porates previous information in the
assessment of data from the new trial.
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Previous information may be sourced
from previous trial data and/or expert
opinion and will be combined with the
new trial datato yield effect estimates.
With this approach, a reduction of the
number of trial participants to include
can often be expected.

Example 5

Bayesian methods were used to obtain
a sample size in a trial comparing in-
travenous immunoglobulin and plas-
mapheresis in treating Guillain-Barré
syndrome in children.2' The authors
showed that using standard methods
to obtain a sample size for their non-
inferiority design would have required a
sample size beyond what was reasonably
feasible. By using previous information
based on empirical data from adult RCTs
combined with expert opinion, they were
able to greatly reduce the required
sample size.

However, if the previous information is
incorrectly specified or trial data are
not consistent with previous informa-
tion, an over- or underpowered study
may still result, asisthe case in all sam-
ple size calculations. This problem can
be exacerbated when the previous in-
formation comes from studies conduc-
tedin adults. Gaution must be exercised
when translating previous information
from adults or specific pediatric popu-
lations to (other types of) children, as
there may be differences in disease
definitions/criteria and outcomes, as
well as differences in biology, physiol-
ogy, pharmacology, and measurement.
Importantly, children may have larger
variations in some outcomes than adults,
especially when a wide age range is
included in the study. The issues
regarding the use ofappropriate lung
function reference equationsintrials
of asthma and other respiratory con-
ditions are 1 such example.2 Better
solutions are needed to help combat
this problem. If one is not confident

SUPPLEMENT ARTICLE

about the validity of estimates from
these existing studies, it may be better
to proceed to scenario 3, rather than
use inaccurate estimates.

SCENARIO 3

The previous information needed to
calculate a pediatrictrial sample size is
either not available from relevant pe-
diatric or adult populations or any in-
formation that is available is considered
too unreliable for use. How do you cal-
culate the required sample size for your
new trial?

Possible Approaches

An internal pilot is 1 possible solution.
First, the nuisance parameter (eg, SD)
is estimated for the primary outcome
from a previous adult trial. With this
estimate, a preliminary sample size
calculation can be made. A pilot phase
for a trial can then be commenced in
children, and after a prespecified num-
ber of patients are included, the nui-
sance parameter can be re-estimated
on the basis of available information.
Thisinformation can be usedtoreassess
the final sample size requirements. The
first part of the data are considered an
internal pilot (ie, the participants en-
rolled in this phase of the trial will be
part of the final sample size). However,
because there has been an interim
“look” at the data, there is a risk of in-
flating the trial’s type | error. If the in-
terim look is used only to estimate the
nuisance parameter from the control
group data and the treatment difference
is not estimated, then this inflation will
be negligible 24-28

Example 6

If, in Example 3, you considered the
previous trial information to be too
unreliable, you could undertake an in-
ternal pilot study of 30 children in each
arm. Suppose, from the blinded pilot
data, the common SD was 108 hours
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(not 98 hours as had been estimated in
the previous trial). Based on these pilot
data, your re-estimated sample size is
at least 142 children in each arm of the
trialto detect a difference of 36 hoursin
ventilation duration. Thus, you would
need to recruit another 112 children in
each arm in addition to those already
included in the pilot study.

Another possibility if no previous esti-
mate for the SD can be derived is to use
the effect size to calculate the neces-
sary sample size. The effect size is the
standardized treatment difference.
For a continuous outcome, this is the
ratio of the treatment difference to the
SD. Cohen proposed values for small,
moderate, and large effect sizes for
various types of outcomes.” However,
as effect sizes are abstract concepts,
it is sometimes difficult to translate
them into clinically interpretable
quantities.

Example 7

Suppose no information was available
to estimate the SD in the trial described
in Example 3. We could design a trial
with 80% power and a 2-sided « of .05
to detect a standardized difference of
.5, which, according to Gohen, would be
a “moderate” effect.” This may be a rea-
sonable assumption (rather than as-
suming a very small or large effect size)
given no available previous information
is available. With these assumptions,
at least 63 patients would need to be
recruited in each arm. Note that the
effect size calculated in Example 3 would
have been 36 of 98 (ie, 0.37), which could
be considered small to moderate.

SCENARIO 4

The number of children required to ob-
tain reliable trial results is large, but the
number of children potentially avail-
able for inclusion inthe trial is limited
(eg, a rare disease). What are the avail-
able options?
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Possible Approaches

The European Medicines Agency guide-
line on clinical trials in small popula-
tions?® states that “... no methods
exist that are relevant to small studies
that are not also applicable to large
studies. However, it may be that in
conditions with small and very small
populations, less conventional and/
or less commonly seen methodologi-
cal approaches may be acceptable if
they help to improve the interpretability
ofthe study results.” Some suggested
approaches2%30 for addressing the
issue of limited availability of chil-
dren for inclusion in a trial are given
here.

First, one could switch to another (type
of) outcome, but only if this also rep-
resents a clinically relevant outcome.
Another approach could be to extend
the follow-up time so more events will
accrue.

Crossover Design

A simple method for reducing the
sample size needed is to use a different
design. A crossover study exposes all
participants to both the new interven-
tion and the control treatment. This
method is only suitable in specific cir-
cumstances; namely, when evaluating
interventions with a temporary effect
in the treatment of stable, chronic con-
ditions and when the outcomes are
short-term and reversible (eg, head-
acherelief). ltis alsoimportantto allow
enoughtimeto pass betweentreatment
exposures to ensure that there is no
carryover effect from 1 treatment to
the other.3!

Repeated Measures

The sample size needed can also be
reduced by undertaking repeated
measures of the primary outcome in
each trial patient. Multiple observations
per patient will reduce the number of
patients required.32 Again, however,

this trial design can only be used if
an outcome can be measured several
times per patient (eg, blood pres-
sure, quality of life). Furthermore, re-
peated measures require relatively
sophisticated statistical design and
analysis.

Meta-analysis of N-of-1 Trials

Another potential approach for address-
ing small available sample sizes in rare
diseases is to meta-analyze “N-of-1 trials.”
N-of-1 trials include only 1 participant
per trial who acts as his or her own
control, using a crossover approach.
Typically, the participant has repeated
measures of the same outcome. Vari-
ous modeling methods have been de-
veloped to combine (meta-analyze) the
results of such trials.3% This approach
could be useful in designing pediatric
pilot studies, when funding and/or par-
ticipants are difficult to obtain. However,
this design will only be feasible when
dealing with shortterm temporary
outcomes (eg, pain) and no carryover
effect.34

Sequential Designs

Most RCTs estimate the sample size in
the design phase of the trial and sub-
sequently include, randomize, and fol-
low up their patients until the primary
outcome values are obtained for all
participants. Trials using sequential
designs provide for regular analyses of
interim data with the possibility of
terminating the trial before full accrual
has been achieved if the data reach
a predetermined threshold for making
a definitive judgment about the results.
It is widely recognized that an “adjust-
ment” of the type | error for each of the
interim analyses is required to avoid
increasing the probability of a false-
positive conclusion if the trial were to
be stopped early on the basis of an
interim analysis. Various ways of ad-
justment have been described.35-36
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Although sequential designs may on
occasion lead to a smaller sample size
when the interim data demonstrate
definitively that 1 treatment is better
than another, ifthere are serious safety
concerns or further study is unlikely
to demonstrate any difference, such
designs cannot be relied on to reduce
the sample size.

Prospective Meta-analysis

Traditionally, when a large sample size
is required, a multicenter trial is often
needed to ensure sufficient numbers of
children are recruited in a reasonable
period of time (see Example 2). How-
ever, conducting a large, multicenter
trial is not always possible due to
funding, feasibility, and timeline
constraints. A possible solution is to
prospectively plan a series of in-
dividual trials that all follow identical
(or very similar) protocols but exist
independently of 1 another. The tria-
lists form a collaborative group and
prospectively agree to collect core,
key data items in a common format
and also agree to share these data
on trial completion for inclusion in
a combined meta-analysis. This is
known as a prospective meta-analysis.5”
By agreeing to harmonize the data
items, definitions, coding, and stand-
ards before the data are collected,
the prospective meta-analysis tria-
lists guarantee that the amount of
data available for later synthesis is
maximized.

Example 8

Four trials are currently underway
to assess whether interventions com-
menced very early in infancy reduce
childhood obesity. Each of the 4 trials
(with between 400 and 800 children
enrolled in each) has sufficient statis-
tical power to detect meaningful
differences in BMI zscores at 2 years
of age. However, it is only with the
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combined sample size from the 4
trials of 1800 children that the outcome
of most public health significance (ie,
a reduction in obesity prevalence
from 20% to 15%) will be able to be
reliably detected. These trialists have
thus formed the Early Prevention of
Obesity in Children Collaboration3®
to undertake a prospective meta-
analysis to achieve the required sam-
ple size and answer the primary
research question.

Adaptive Designs

Adaptive designs are flexible designs
that permit modifications during the
course of the trial. The flexibility covers
a wide range of possible adaptations,
including changes in sample size. For ex-
ample, the internal pilot design discussed
earlier can be viewed as an adaptive
design, as can sequential designs. The
price paid for this flexibility is that the
implementation of such designs is often
complex and, in some cases, can reveal
interim trends that optimally should be
kept confidential during the study.3940
Adaptive designs can also lead to larger
sample sizes than originally estimated.
These factors may complicate assess-
ments of the overall trial cost and
should thus be taken into consider-
ation when deciding whether to use
these methods during the trial’s plan-
ning phase.

RESEARCH AGENDA

This Standard Development Group has
identified a number of areas for future
research related to determining sam-
ple sizes in pediatric research. An eval-
uation of the use of information from
adult studies for pediatric trial designs
would clarify situations or conditionsin
which this type of extrapolation could
lead to unacceptable errors in sample
size calculation. Although the use of
Bayesian methods and adaptive de-
signs may reduce the overall sample
size, such designs can also increase

SUPPLEMENT ARTICLE

the required sample size in some
cases, possibly presenting complica-
tions to researchers and funders.
Further research should investigate
when these methods may be most
appropriate.Theimplicationsofapro-
spective meta-analysis have yet to
be fully appreciated. Specifically, it
is not clear how results may differ
from a multicenter trial on the same
topic. Although the prospective na-
ture of the collaboration overcomes
many potential limitations of multi-
ple separate studies, exploration of
the benefits and limitations of this
type of research endeavor will be
important.

CONCLUSIONS

This standards article provides an in-
troduction to a variety of methods to
overcome common challenges faced
when attempting to derive sample size
estimates in pediatric research. The
desire to reduce exposure of trial
participants to any potential harm
must be carefully balanced with the
need to obtain an adequate sample
sizeto ensure the validity of trial results.
Fortunately, there are well-described
methods to determine sample size that
capitalize on previous data, whether
from a similar or different population, or
on a systematic review. To supplement
data derived from different populations,
internal pilot studies or a Bayesian
approach can be usedtointegrate new
data and/or expert opinion into the
sample size calculation. Crossover
studies, repeated measures, and the
use of effect sizes can overcome a lack
of previous data oravery small potential
subject pool. The use of sequential
designs may allow early termination of
trials when results are definitive before
full accrual is achieved but cannot be
relied on as a way to conduct a smaller
trial. Such designs should weigh limit-
ing the exposure of trial participants
to potentially harmful treatments
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with ensuring that the final results are
sufficient for reliable benefit-to-risk
assessments. Finally, the use of a pro-
spective meta-analysis allows research-
erstocollectively contributetheir datato
achieve the necessary power in the
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