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Letter to the editor
In 2010 Ring et al. [1] proposed a five-period thorough
QT (TQT) study design incorporating two placebo treat-
ments. They claim that this design reduces sample size
compared to four-period studies, lowering overall study
costs by about 10% (where cost equals sample size ×
study periods), and the design also reduces active treat-
ment exposure, benefiting drugs with critical safety pro-
files. The sample size reduction stems from decreased
variability in placebo estimates, which are effectively
halved. Consequently, the variance ratio between five-
period and four-period designs is ¾.
We note that the result implicitly assumes the two treat-
ments being compared are uncorrelated. However, this
assumption is not realistic. Subject responses to different
treatments in a crossover design are generally correlated
due to the within-subject comparison structure where
each subject acts as their own control. The existence and
magnitude of this correlation are key factors in the design
and analysis of these studies.
Let T and P denote an active treatment (therapeutic dose
or supratherapeutic dose) and placebo, respectively, and
let rT,P be the correlation between them in a four-period
design. The variance of the treatment differences for the
four-period design is 2 (1–rT,P) , where denotes the
common within subject variability.
In the five-period design study, there are two placebo
periods. Let P1 and P2 denote the two placebos, and
be the correlation between them.

The variance of (P1+P2)/2 is . Therefore, the
variance ratio between five-period and four-period designs
is:

[equation 1]

where σ4 and σ5 represent the standard deviations of the
treatment differences for the four- and five-period designs,
respectively, and denotes the correlation between
T and (P1+P2)/2 in the five-period design. The above
variability ratio equals ¾ when all correlations are equal
to zero.
If the correlation between paired treatments is unknown,
a value of 0.5 may be used in the sample size calculation
for a paired t-test. The sample size calculated using a
correlation of 0.5 between two treatments for a paired t-
test is equivalent to that obtained using the t-test on the
mean of treatment differences.

Assume:

[equation 2]

Then:

[equation 3]
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Table 1: Cost comparison between four-period and five-period designs

Note that QT interval is an objective endpoint. When two
placebos are used in a TQT study, it is expected that a
subject's response to the two placebos would be highly
correlated, as both represent the same baseline
physiological state. Thus, it is reasonable to assume that

>0.5. For example, if we assume =0.8 and
rT,P= =0.5, then:

[equation 4]

Note that as increases, the ratio also increases.
When =1, the ratio equals 1.
In the article’s example, a study using 40 subjects follows
the four-period design with one placebo, while another
study uses 30 subjects in a five-period design with two
placebo periods. To compare estimate precision between
designs, considering treatment correlation, the standard
error ratio is:

[equation 5]

Clearly, the five-period design comes at a cost – specific-
ally, a 13% increase in the standard error, indicating a
loss in statistical precision compared to the four-period
design.
Let’s calculate the sample size required for the compar-
ison between the test drug, T, and P, using a test margin

of 10. Under the assumption that all individual tests in
the Intersection and Union Test (IUT) are mutually inde-
pendent [2] the sample sizes required for the paired t
test for the four-period design and the five-period design
for this comparison are:

[equation 6]

and

[equation 7]

respectively, where

• S2 is the variance estimator for the common within
subject variability,

• δi is the observedmean QTc prolongation at time point
i, i=1,2, …, L, and L is the number of time points, and

• β'=1– , where β is the type II error rate of the
test at each time point.

Table 1 compares the sample size and cost between the
four-period and five-period study designs. The estimated
maximummean differences and standard deviations are
from Darpo et al. [3]. Sample sizes were calculated using
SAS 9.4, employing the paired t-test method.

2/3GMS Medizinische Informatik, Biometrie und Epidemiologie 2026, Vol. 22, ISSN 1860-9171

Chen et al.: Commentary on “An efficient crossover design for thorough ...



Conclusion

Ring et al.’s [1] five-period crossover TQT design offers
potential cost savings through reduced sample size, as-
suming uncorrelated treatments. However, this assump-
tion is unrealistic since crossover designs involve correl-
atedmeasurements. Under realistic correlations, variance
reduction is minimal, diminishing the sample size advant-
age.
Our analysis shows the five-period design can increase
standard errors up to 13%, reducing statistical precision
versus the four-period design. Since sample size reduction
is minimal, drug exposure benefits are also limited. Effi-
ciency gains depend heavily on treatment correlation.
Using Ring et al.’s [1] efficiency definition, the four-period
design proves more efficient in practice.
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