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Synopsis 

Meta-analysis is a quantitative method of combining results from independent studies to form an overall 
conclusion based on all available data. The objective of this research was to validate the application of 
meta-analysis as a tool to estimate treatment differences over a series of small, randomized, blinded, pilot 
studies that followed the same protocol. 

Three forearm controlled application technique (FCAT) screening studies were conducted to compare 
dryness and lBS capacitance differences induced on forearms treated with two personal cleansing bars. In 
each study, subjects' forearms were washed twice daily for five days on randomly assigned fixed volar sites 
according to a procedure that simulates normal consumer use of personal cleansing bars. Visual dryness and 
lBS capacitance data were collected at baseline and after five days. Both weighted and unweighted meta- 
analyses were performed to estimate the difference between the two treatments. An FCAT study that 
enrolled 105 subjects was then conducted to compare the same two cleansing bars. 

Meta-analyses estimates of treatment differences derived from the screening study data closely paralleled the 
estimates obtained in the larger study. The visual dryness difference was estimated to be 0.167 + 0.079 by 
the weighted meta-analysis and 0.168 + 0.080 by the unweighted meta-analysis. P-values were 0.035 and 
0.036, respectively. The visual dryness difference was estimated to be 0.194 + 0.040 by the larger study. 
For IBS capacitance, the weighted meta-analysis estimated the difference between treatments to be -0.039 
+ 0.013 (p-value = 0.004) and -0.042 + 0.015 (p-value = 0.006) for the weighted and unweighted 
meta-analysis, respectively. The larger study estimated the treatment difference to be -0.023 + 0.004 
(p-value < 0.0001). This example demonstrates that estimates obtained from studies pooled by meta- 
analysis can adequately predict the results obtained from a single large-base-sized trial. 

INTRODUCTION 

The purpose of this article is to demonstrate with a practical example how closely 
estimates of treatment differences derived by pooling data from several small clinical 
trials correspond to results obtained from a larger clinical trial when the studies are all 
conducted according to the same protocol. 

Meta-analysis is a statistical method for systematically pooling data from a series of 
studies to obtain a more robust estimate for a treatment effect than could be obtained 

from an individual study. Meta-analysis techniques to combine studies in a statistically 
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legitimate manner were first published by Tippett in 1931. These techniques are widely 
recognized today in the statistical and clinical literature, even though the actual term 
"meta-analysis" was introduced by Glass in 1976 in a study of psychotherapy (1-11). 
Chalmers estimated in 1991 that in excess of 150 meta-analyses of randomized clinical 
trials had been published in the English language, and that new ones were appearing at 
an increase of over 15 % per year (12). Meta-analysis has been applied to a diverse number 
of problems ranging from agriculture to medicine, psychology, education, and even 
cloud seeding (12). It is a particularly powerful technique for pooling data from several 
studies conducted under a common protocol with common treatment comparisons. 

In developing a new product, numerous small screening studies are normally conducted 
to guide final formulation. These screening studies represent a significant time and 
capital investment for a company, and can be an important resource for estimating 
treatment effects. For example, multiple small studies to investigate formulation and/or 
processing variables provide the researcher with information about the range of factors 
that can be altered without affecting product performance. 

Screening studies are often considered individually when making decisions at a particu- 
lar stage of a project, with a larger study conducted at the end of development to support 
claimed benefits prior to marketing the product. For example, suppose that a researcher 
has tested numerous formulation or processing variables in the development of the final 
product. Each of these small studies provides the researcher with information about the 
range of factors that can be altered without affecting product performance, even though 
the studies may not be large enough to show statistically significant differences versus 
a benchmark control. However, combining data from a number of these small studies 
can produce an estimate of treatment differences that is more reliable and more generally 
applicable than data from a single large study. The reason for this is that a single large 
study is usually conducted under a limited breadth of factors that could impact perfor- 
mance. Examples of these types of factors are weather conditions, season of the year, 
geographical location, local population, and product batches. By combining data from 
smaller studies, a more realistic estimate of the true treatment effect can be made. 

Due to the wide application and popularity of meta-analysis techniques, there is a 
growing number of publications providing cautions and guidelines for the appropriate 
use of meta-analysis. These focus on issues such as establishing criteria for the inclusion 
of studies in meta-analysis, evaluating the quality and weighting of individual trials, and 
minimizing publication bias (3,8,13-15). As summarized by Olkin in Science, "Doing a 
meta-analysis is easy. Doing one well is hard" (16). 

METHODS 

Three forearm controlled application technique (FCAT) screening studies were con- 
ducted from April 1994 to February 1995, comparing the clinical mildness of a new 
mild cleansing bar with a marketed mild cleansing bar as a benchmark (17). Visual 
dryness and lBS capacitance data from these studies were pooled by meta-analysis 
techniques to estimate the difference in mildness between these two mild bars. In March 
1996, an FCAT study enrolling 105 subjects was conducted to compare treatment 
difference estimates provided by the meta-analysis. 
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STUDY DESIGN 

All four studies were conducted according to a forearm controlled application technique 
protocol (FCAT) (17). The FCAT technique has been shown to yield relative mildness 
rankings that correlate with consumer experience. Subjects were healthy female volun- 
teers, aged 18-55, with Fitzpatrick skin types I-IV and forearm visual redness and 
dryness grades less than 3.0 on a 0-6 point scale with potential 0.5 increments. The 
studies were limited to female subjects because the bars compared were both intended 
to be marketed to women who use beauty bars. All subjects provided informed consent. 
Each screening study enrolled 20-25 subjects, whereas the larger study enrolled 105 
subjects. The former studies were designed only to show directional rankings of product 
mildness. The latter was sized to show a difference as large as 0.17 in visual dryness (the 
estimate from meta-analysis), with at least 95% confidence and 80% power. 

Each study was randomized according to a Latin Square design. In this design, subjects 
received all treatments, and treatments were represented approximately the same num- 
ber of times on each of the eight treatment sites on the volar forearms. This is a 
well-recognized design that has been employed since the early 1950s (18,19). It accounts 
for biological differences among subjects and between application sites on the arm of a 
given subject, and for the order of treatment application, so that these differences do not 
unfairly bias treatment outcomes. 

TEST PRODUCTS 

The test products of interest were two commercially available mild cleansing bars. Each 
of the three screening studies included other personal cleansing bars and liquids that 
addressed objectives outside this publication. Only treatment estimates for the two mild 
cleansing bars of interest were common to all three screening studies and were included 
in the meta-analyses. The larger study included only the two mild cleansing bars of 
interest, with a total of four replicates of each being assigned to each subject. 

EVALUATIONS 

The skin condition on each treatment area was evaluated by an expert grader at baseline 
and three hours after the final study wash. A 0-6 scale with half-point increments was 
used to score dryness. Skin capacitance readings were also collected at each of these time 
points in duplicate, using a skin surface hydrometer manufactured by I.B.S. Co., Ltd., 
Japan. This measurement provides an indirect measure of moisture content in the skin. 

DATA ANALYSIS 

An analysis of variance model for the individual study data that accounted for subject- 
to-subject, side-to-side, and site-to-site variability and treatment effect was used in each 
study. These sources of variability have been noted historically (20). The general model 
for an observed response in this case can be expressed by: 

response/j•/m = la + T i + Sj + A• + P/ + SAj• + eijkl m 
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where ia is the grand mean; T, the effect due to the ith treatment; S, the effect due to 
the jth treatment site; A, the effect due to the side (right or left) to which the treatment 
is applied; P, the effect due to the lth subject; SA, the site-by-site interaction term; and 
½, an error term that includes experimental error and error due to uncontrolled factors. 

From this model, least-squares means for treatment effects, with associated standard 
errors, were estimated. Skin capacitance data were log transformed prior to analyses to 
stabilize the variance and correct the skewness of the distribution. A logarithmic rela- 
tionship between skin capacitance and moisture content had been presented previously 
(21). 

To combine the three screening studies, both unweighted (equally weighted) and 
weighted meta-analyses were performed on dryness and skin capacitance data according 
to documented techniques to estimate overall mean differences between the products 
(3,4). Appropriate tests for homogeneity were performed prior to pooling the data. 
Weights were derived from the variability associated with treatment differences for the 
weighted analyses. Simpler techniques, such as Fisher's technique and the inverse normal 
technique (4), exist for establishing overall p-values over a series of tests. However, the 
techniques chosen had the advantage of estimating the actual difference between treat- 
ments as well as estimating overall p-values, whereas the simpler procedures do not 
provide estimates of treatment differences. The estimates from the weighted and un- 
weighted analyses were compared with each other and with the results of the larger study 
for consistency. 

The protocol for meta-analysis was more straightforward than those usually encountered 
when pooling treatment estimates from literature sources. All the data that had been 
generated by the FCAT protocol comparing the two bars were available and were 
included in the meta-analyses. Thus, publication bias and selective inclusion of studies 
were not issues. Publication bias is the phenomenon whereby positive results that show 
treatment differences are more likely to be published than those that do not. All data 
were generated through a contract research organization. Each of the studies was ran- 
domized, blinded, and conducted in compliance with Good Clinical Practices guide- 
lines. Thus, the quality of the studies included in the meta-analysis is not an issue. 

RESULTS AND DISCUSSION 

Weighted meta-analysis combining data from the screening studies shown in Table I 
estimated the visual dryness difference between the two mild cleansing bars, denoted 
bars 1 and 2, respectively, to be 0.167 + 0.079 (p-value = 0.035). The p-value is the 
probability that a difference as large as the one observed would be detected by random 

Table I 

Day 5 Changes From Baseline in Visual Dryness Estimates From Screening Studies 

Clinical trial 

Std. Std. Mean 

n Bar 1 error Bar 2 error delta P-value 

Screening study 1 
Screening study 2 
Screening study 3 

22 0.317 0.075 0.519 0.104 0.202 0.1189 
20 0.467 0.073 0.698 0.127 0.231 0.1183 
20 0.567 0.098 0.637 0.098 0.070 0.9564 
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chance if no true difference existed. The estimated difference from the unweighted 
analysis was 0.168 + 0.080 (p-value -- 0.036). The visual dryness difference between 
treatments estimated from the larger study was 0.194 + 0.040 (Table III). The p-value 
was less than 0.0001. This showed bar 1 to be significantly less drying than bar 2. 

For lBS capacitance, the weighted meta-analysis of the screening data shown in Table II 
estimated the difference on a logarithm scale between the two bars to be -0.039 + 0.013 
(p-value -- 0.004). The estimated difference from the unweighted meta-analysis was 
-0.042 + 0.015 (p-value = 0.006). The larger study estimated the treatment difference 
to be 0.023 + 0.004 (p-value = 0.0001, Table III). Sites treated with bar 1 showed 
significantly higher capacitance than sites treated with bar 2. 

Data from five subjects from the screening studies could not be used in the meta-analysis 
because the subjects withdrew prior to the final examination for non-product-related 
reasons. Six subjects were not included in the analysis of the larger study due to 
withdrawal prior to the final examination. Five of these subjects withdrew for non- 
product-related reasons. The investigator indicated that the remaining subject who 
withdrew may have had a product-related effect. Upon investigation it was discovered 
that the subject exhibited redness on one of the eight treatment sites, but had also spilled 
hot coffee on this site. None of the other three treatments sites receiving the same 
product showed redness. 

CONCLUSION 

Estimates of treatment differences from the meta-analyses of the screening study data 
closely paralleled the estimates derived from the large-based study and had the advan- 
tage of controlling for more external sources of variability. This validates the use of 
meta-analysis of smaller screening studies conducted under the same protocol to reliably 
estimate treatment differences from clinical tests to evaluate product performance at- 
tributes. 

Pooling a series of smaller studies by meta-analysis is a cost-effective way of estimating 
the difference between treatments. When meta-analysis is used in this manner, it is 
important that all the data be included. Otherwise a clear explanation of why data were 
omitted should be provided because selective inclusion of studies can lead to a biased 
answer. When meta-analysis is used to combine data collected under a protocol that is 
reasonably consistent with normal use conditions, as with the FCAT protocol, the 
treatment estimates provide a reliable indication of the treatment effects that will be 
experienced when the products are marketed to consumers. 

Table II 

Day 5 Changes From Baseline in Log10 (Skin) Capacitance Estimates From Screening Studies 

Std. Std. Mean 

Clinical trial n Bar 1 error Bar 2 error delta P -value 

Screening study 1 22 -0.033 0.009 -0.069 0.013 -0.036 
Screening study 3 20 -0.032 0.018 -0.079 0.018 -0.047 

0.0227 

0.0635 

Note: skin capacitance was not collected in screening study 2. 
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Table III 

Changes From Baseline from the Definitive Study 

Std. Std. Mean 

Endpoint n Bar 1 error Bar 2 error delta P-value 

Dryness 99 1.041 0.028 1.235 0.028 0.194 <.0001 
Log10 (skin capacitance) 99 -0.023 0.003 -0.046 0.003 -0.023 <.0001 
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