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Background: A pilot study can be an important step in the assessment of an intervention by 

providing information to design the future definitive trial. Pilot studies can be used to estimate 

the recruitment and retention rates and population variance and to provide preliminary evidence 

of efficacy potential. However, estimation is poor because pilot studies are small, so sensitivity 

analyses for the main trial’s sample size calculations should be undertaken.

Methods: We demonstrate how to carry out easy-to-perform sensitivity analysis for designing 

trials based on pilot data using an example. Furthermore, we introduce rules of thumb for the 

size of the pilot study so that the overall sample size, for both pilot and main trials, is minimized.

Results: The example illustrates how sample size estimates for the main trial can alter dramati-

cally by plausibly varying assumptions. Required sample size for 90% power varied from 392 

to 692 depending on assumptions. Some scenarios were not feasible based on the pilot study 

recruitment and retention rates.

Conclusion: Pilot studies can be used to help design the main trial, but caution should be 

exercised. We recommend the use of sensitivity analyses to assess the robustness of the design 

assumptions for a main trial.
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Introduction
Prior to a definitive intervention trial, a pilot study may be undertaken. Pilot trials are 

often small versions of the main trial, undertaken to test trial methods and procedures.1,2 

The overall aim of pilot studies is to demonstrate that a future trial can be undertaken. 

To address this aim, there are a number of objectives for a pilot study including assess-

ing recruitment and retention rates, obtaining estimates of parameters required for 

sample size calculation, and providing preliminary evidence of efficacy potential.3–6

We illustrate how to use pilot studies to inform the design of future randomized con-

trolled trials (RCTs) so that the likelihood of answering the research question is high. We 

show how pilot studies can address each of the objectives listed earlier, how to optimally 

design a pilot trial, and how to perform sample size sensitivity analysis. Our example uses 

a continuous outcome, but most of the content can be applied to pilot studies in general.

Considerations for trial design
When designing a definitive trial, one must consider

•	 The target effect size, such as the difference in means for continuous outcomes;

•	 The variance about the estimates for continuous outcomes, which is used to give 

a range of responses for individuals in the trial;
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•	 Feasibility, including referral, recruitment, and retention 

rates.

Pilot trial results can inform each of these elements. Fac-

tors such as type I error and power are set independent of 

the pilot and are discussed in detail elsewhere.7 We focus on 

external pilot studies, where the trial is run before the main 

trial, and results are not combined.8

Feasibility
The first consideration is feasibility: will the researchers be 

able to recruit the required number of participants within 

the study timeframe and retain them in the main trial? While 

review of clinical records can be used to give some indication 

of potential participant pool, pilot studies provide estimates 

of the number of participants that actually enroll and consent 

to randomization, and these estimates should be included in 

the manuscripts that report the pilot study results.9 Many tri-

als struggle to reach their sample size goal, which can result 

in trial extensions or failure to recruit to their prespecified 

sample size.10 Failure to recruit is a major issue in UK publicly 

funded trials, where 45% fail to reach target sample size.10 

Along with review of prior trials at the same centers in similar 

populations, pilot studies can also give estimates of retention 

rates and adherence rates.11 Missing data and dropouts are 

issues in most RCTs12 and need to be considered at each step 

of the research process,13 including design, reporting,9 and 

progression to a larger definitive trial.11,14

Target effect size and potential efficacy
Hislop et al15 undertook a systematic review to identify seven 

approaches for determining the target effect size for an RCT 

and classified them as clinically important and/or realistic. A 

specific type of clinically important difference is the smallest 

value that would make a difference to patients or that could 

change care, a quantity referred to as the minimum important 

difference (MID), or sometimes minimally clinical important 

difference. The MID can be difficult to determine, particularly 

as it can change with patient population. However, research-

ers in various fields have investigated MID estimation and 

provide guidance on estimation.16,17 In the absence of a known 

MID for continuous outcomes, particularly patient-reported 

outcomes, a standardized effect size15 between 0.3 and 0.5 

has been recommended.17,18 Expert opinion is also used to 

specify important differences.15 Although some researchers 

use the pilot effect size to power the definitive trial, this is a 

practice that should be avoided in general, as estimation is 

poor due to the small sample size, and is likely to mislead.19

The target effect size must also be realistic, and the 

estimated effect size and confidence interval (CI) from the 

pilot can give some evidence here, ie, whether there is any 

indication that the intervention is effective and important 

differences might be obtained in the main trial.5 The small 

sample size of a pilot makes estimation uncertain, so cau-

tion must be exercised.19,20 One approach for handling this 

uncertainty is to use significance levels other than the “tra-

ditional” 5% to provide preliminary evidence for efficacy, 

with corresponding CIs such as 85 and 75% in addition to 

95% CIs.21 A figure showing these CIs, the MID, and the 

null value can be a helpful way of displaying pilot results, by 

facilitating an assessment of both statistical significance and 

the potential for clinical significance.31 While some authors 

argue against carrying out hypothesis tests and assessing 

efficacy from pilots, even potential efficacy, most pilot stud-

ies do undertake hypothesis tests.6 We strongly stress that 

preliminary efficacy evidence from a pilot study should not 

be overstated, and researchers should avoid temptation to 

forgo the main trial.20,22

Estimating the standard deviation (SD)
The population SD is another key element of sample size 

estimation for continuous outcomes, and its estimation is 

one of the objectives for conducting a pilot study. However, 

similar to the effect size, the SD can be imprecisely estimated 

due to the pilot’s small sample size. Using a pilot study’s SD 

to design a future sample size has been shown to often result 

in an underpowered study.23,24 Thus, sensitivity analyses 

should be undertaken.

Sensitivity analysis for sample size
Sensitivity analyses are important to assess the robustness 

of study results to the assumptions made in the primary 

analysis.25 Sensitivity analyses should also be performed in 

the design stage26 and can take the form of accounting for the 

uncertainty in estimation by calculating sample sizes based 

on a range of plausible SDs and retention/dropout rates. 

Browne23 suggested using the pilot study’s upper limit of the 

80% CI for the SD to calculate sample size in the subsequent 

trial. One may also consider SDs from the literature.

Pilot study sample size
In order to have the best chance of answering the research 

question, researchers should carefully consider the size of not 

only the definitive trial but also the pilot as well. Although 

traditional power calculations are inappropriate for pilot 

studies (since the primary aim of a pilot study is not to test 
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superiority of one treatment over the other), a sample size 

justification is important. While there are several rules of 

thumb for the size of a pilot study, ranging from 12 to 35 

individuals per arm,5,27 none of these guidelines account for 

the likely size of the future trial.

Whitehead et al27 showed how, if you know the main trial’s 

target effect size, you can estimate the pilot study’s optimum 

sample size, minimizing the number of patients recruited 

across the two studies. From this work, they proposed stepped 

rules of thumb for pilot studies based on the target effect size 

and the size of the future trial. These rules are summarized 

in Table 1. For example, if the future trial will be designed 

around a small effect, then the number of patients per arm 

for the pilot study should be 25 for 90% power. Using these 

rules increases the likelihood of appropriate power for the 

future trial. Cocks and Torgerson5 also recommend basing the 

pilot study size on the future trial’s size, if the SD is known.

Example
Suppose a research team is planning a pilot in the anticipation 

of designing a definitive trial. The main trial will be a two-arm 

RCT comparing a new supportive care regimen for cancer 

patients to usual care, with assessments at baseline, 6 weeks, 

and 3 months. Their primary outcome is the quality of life 

at 3 months as measured by the Functional Assessment of 

Cancer Therapy-General (FACT-G), a 27-item questionnaire 

covering aspects of physical, social, family, emotional, and 

functional well-being.28

Pilot study sample size
To use the stepped rules of thumb for pilot sample size, the 

researchers must consider the target effect size and SD for 

the main trial in order to calculate the standardized differ-

ence (effect size). They find that the estimated FACT-G MID 

is between three and six points29 and an SD estimate from 

the literature30 is 14 in similar populations. Using an MID 

estimate of four points, and an SD of 14, the standardized 

effect size is 4/14=0.29. For a 90% powered main trial, they 

should use a sample size of 25 per arm for the pilot (Table 1).

Pilot study results
Suppose now the researchers undertake the pilot study of 

50 participants with recruitment over 2 months. Of the 100 

potential participants, 70 participants were referred by their 

oncologist, 60 participants met eligibility criteria, and 50 

participants agreed to participate. This indicates a recruit-

ment rate of 50% of eligible patients, at 25 recruitments per 

month. Of the 50 participants, 40 participants completed all 

three assessments; retention is 80%. These rates will aid in 

estimating the main trial duration.

The difference in the quality of life between the arms 

at 3 months is estimated at 3.1 points, with 95% CI -1.8 to 

8.0, and SD =11.2. Figure 1 shows several CIs demonstrating 

Table 1 Stepped rules of thumb for pilot study sample size per arm, as a function of the target effect size (standardized difference) 
and power of the main trial

Standardized difference, da 80% powered main trial 90% powered main trial

Pilot N per arm Main trial N per arm Pilot N per arm Main trial N per arm

Extra small (d<0.1) 50 >1571 75 >2103
Small (0.1≤d<0.3) 20 176–1571 25 235–2103

Medium (0.3≤d<0.7) 10 34–176 15 44–235 

Large (d≥0.7) 10 ≤34 10 ≤44

Notes: 
a d

X X

SD
SD

n n
=

−

=

− + −
int int int,

( ) s ( )
ctl

pooled

pooled

ctlwhere 
1 12 ss

int

ctl

ctl

2

2n n+ −
. The corresponding likely size of the main trial is also shown. int is the intervention 

arm, and ctl is the control arm.

Figure 1 Mean difference in FACT-G scores between pilot study intervention and 
control arms with confidence intervals.
Abbreviations: FACT-G, Functional Assessment of Cancer Therapy-Genera; MID, 
minimum important difference.
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that the intervention is promising, as each CI contains the 

MID of 4. Thus, the objective of the pilot study to provide 

preliminary evidence of efficacy has been met.

Sample size calculations and sensitivity 
analyses
Table 2 shows sample sizes based on the pilot study’s SD, its 

upper 80% CI limit (taken as the square root of the CI for 

the variance), and the original estimate from the literature. 

Sample sizes are also given for the observed dropout rate 

(20%) and for >5 and <5%. For 90% power, sample size 

ranges from 392 to 692. For 80% power, sample sizes range 

from 296 to 518. Note that the sensitivity analysis is quanti-

fied in terms of the effect of assumptions on the sample size. 

An alternative approach is to fix the sample size (at 392 say) 

and observe how power varies based on assumptions.

Feasibility of the main trial
We now consider feasibility. Specifically, are the researchers 

likely to be able to recruit the required number of participants 

within the study timeframe? Based on the funding and the 

follow-up time of 3 months, recruitment can take 1.5 years. 

If the pilot recruitment rate of 25 participants per month is a 

good estimate, then the study will be able to recruit and enroll 

450 participants. This falls below several of the estimates in 

Table 2. Further consideration may be needed how to expand 

the pool of participants.

Conclusion
We have illustrated how pilot studies can aid in the design 

of future trials with continuous outcomes by providing 

estimates of population SD, evidence of potential for inter-

vention effectiveness, and quantification of feasibility in the 

form of recruitment and retention rates. We have introduced 

guidelines on pilot study sample size and demonstrated 

sample size sensitivity analysis. The example demonstrated 

how main trial sample size estimates can vary dramatically 

by plausibly altering assumptions.

The decision to progress from a pilot trial to a main trial 

is generally made using feasibility estimates, as well as issues 

such as protocol nonadherence. For more information on 

progression, refer to Avery et al,11 and for information on the 

context of internal pilots, refer to Hampson et al.14 Whether 

researchers decide to progress to a definitive trial or not, 

results of pilot studies should be published. A CONSORT 

extension for reporting results of pilot and feasibility studies 

gives detailed guidelines.9
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